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Arc-Lighting Dynamos. 447 



CHAPTER XVII. 

AHC-LIGHTtNG DYNAMOS. 

FoK supplying arc lights, it is usual to arrange the lamps all 
in series, even to as many aa 60 or 80 lights, and to provide 
a dynamo-machine which will give a constant, or nearly 
constant, current at a sufficiently high voltage. Tlie usual 
current for which arc Itinips are designed is 10 amperes. 
Some of the Thomson-Houston lamps are designed, however, 
for 6-8 amperes, and Ball arc-lamps for 4 amperes. These 
are therefore exceptions. On the otlier hand, the arc lamps 
used for search-lights and lighthouse work are designed to 
take larger currents, up to 200 amperes or more. Contin- 
uous-current volt^c arcs cannot be muntained bunting 
steadily unless they are fed at a pressure of about 40 to 45 
Tolts for each lamp. If tlie pressure is insufficient, the arcs 
, will give out a hissing sound. The steady arc behaves as 
though it exercised a counter electromotive-force of about 89 
volts. When arc lamps are to be used in parallel with one 
anotlier, the mains must have a greater difference of potential 
than 45 volte — 55 or 60 volts is preferable — in order that ad- 
ditional resistances may be introduced to steady the current 
through each lamp. Such additional resistances are not 
Decessaiy when a number of arc lamps are used in series, as 
they help to steady one another. The dynamo ought, how- 
ever, to be so governed as to keep the current constant, at 
the same strength, no matter how many or few lamps are 
intercalated in the circuit. 

In arc-lighting In series, the function of the dynamo is to 
keep the amperes constant; whilst each lamp is provided 
with a shunt device which governs the movement of the 
carbons, bo that the feeding of them shall keep the length of 
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448 Dynamo-Elfctric Machinery. 

the arc, and the volttt at tlie terminals of tlie lamp, approxi- 
mately constant. 

We may take it, therefore, that a system of 20 arcs in 
series will require a dynamo giving a current of, say, 10 
ampei-es, and a pressure, when all the lamps are in use, o£ 
nearly 1000 volts. This allows 45 volts per lamp, and 5 volts 
more for tlie resistance of tlie wires hetween each lamp and 
the next. 

Constant current dyuamos are also needed for the 
purposes of municipal lighting by means of special ^low- 
lampa, with thick carbon wires instead of tliin filaments 
connected in series, so that the same current flows succes- 
sively through a hirge number of them. 

It WHS suggested by Deprez in 1881, tliat by a species of 
compound winding, consisting of an initial exciUition and a 
ehuiit excitation combined, a dynamo might be constructed 
to give a constant current at constant s[>eed. 'J'lte assump- 
tion which underlay liis reasoning, that tlie niagiietisni is 
proportional to the exciting power, is, we know, not justified 
except for the early and unstable stage of magnetization; 
and all ntt«mpta to pi-oduce a practical comixiuiid winding 
for this pui-pose Iiave failed. 

Owing to the cireumstance (p. 110) tliat the toi-que of a 
dynamo is pi-oportional to the curi-ent, it is found that when 
a dynamo with well-excited field-magnets is driven fi-oni its 
own engine, with constant steam-pressure, but not governed 
to run at a fixed speed, it will of itself run very nearly at snch 
speeds as shall keep tlie current constant. But us tliis mode 
of governing is inadmissible in those cases where the engine 
baa to drive at a constant speed, other modes of keeping 
the current constant are resorted to, which aie discussed in 
Chapter XXVII. on Regulators. 

For the production of constant currents at suuli liigh 
voltages as 2000 to 3000 volts the ordinary ring and <lium 
armatures, wound in a closed coil, in numerous sections, and 
provided with a commutator consisting of numei-ous clusely- 
packed pai-allel bars, have not been found entirely satisfactory, 
for tlie commutator of this type is liable to give way under 
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the high presHure, and to detei-ioi'ate under the action of long 
Bporks flasliing over ite surface from bruxh tnbruah underthe 
wide alterations of lead that are intiepamble with tliis mode 
of working. In Depraz's experiments on transmission of 
power to a distance by curreubi at ver^' high pressure, 
machines with Gramme armatures wound with very fine wire 
were used, giving from 4000 to 6000 volts. They gave in- 
cessant trouble from the breaking down of the resistance. 
Nevertheless, good results have been obtained more recently 
by Messrs. Pateison and Cooper, and also by Lahmeyer of 
Frankfort, in the use of liigH voltages iu machines haying 
ordinary commutators with many segments. Experience, 
however, is in the main t^ainst the use of armatures of tliie 
type. More simple forms are needed that will not break 
down under the conditions of work. 'Pliese forms are 
.usually associated with other modes of construction in 
which the armature winding does not constitute a cloeed 
coil. 

Opbn-cciil Dynamos. 

As explained on p. 40, it is possible to construct armatures 
in which tite separate coils or sections of the windings are 




SuFLE Open-coil Armature. 



not united together into one closed circuit. An example js 
given in fig- 290. This diagram (whicli should be comitared 
with Fig. 24, p. 37) sliowa an armature consiating of two 
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separate loops, set in planes at right angles to one another, 
BO that when one is passing through the inactive region the 
other is in the position of maximum action. There is no 
reason why tliese two loops should not have each a separate 
2-part commutator like that of Fig. 24 ; and one pair of 
Pushes might press on both commutators. It is, however, 
obviously more convenient to unite these two commutators 
into a single one of four parts, as in Fig. 290 ; and then it' 
will at once be seen that as this rotates between its pair 
of brushes one loop only will be in action at once, the other 
loop being cut out of circuit for the time being. It would 
clearly be possible to arrange any number of loops or coils 
in this way so that only that loop or coil which was passing 
tlirough the position of maximum action should be feeding 
the Innulies, all the rest being meantime open-circuited. A 
ring armature wound in sections might of course be similarly 
arranged, bo that the pairs uf sections had each a separate 
commutator ; and Fig. 291 (which should be compared with 
F^. 31, p. 39) shows such a ring, but with the two commuta- 
tois cut down and formed into a 4-part collector. 




FbOB-PABT OPKN-OOn. RtltQ AS1UTDB& 

Tt will be noticed that each coil is joined at the back to 
the one diametrically opposite to it, and that the front ends 
of the coils pass to the commutator. As a matter of fact, it 
would make no difference in either of these armatures were 
die wires which cross at the back all united where they meet. 
'In order further to follow the action we will referto Fig. 292. 
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This diagram repi-esenta by means of radial an-ows the 
electromotive-forces induceil in a loop or loops rotating 
(left-handedlyt as it happens, in this figure) in a m^netio 
field (with N-pole on the left 
in this case). The action is a *^**- ^'*' 

maximum along the line of the ^^' ^ 

TesuttAnt magnetic field mm' -^ \^ -,,,^ \; ~ 

(which would be horizontal / /^ \ t / x\ V^ 

were it not for the reactions ex- \ / /-ONo IvO' \\ 
plained in Chapter IV.), andis \ { .1. j^ \ ^^ ** I \ 
a minimum along the line nn'. VV''^?f \\r' / /\ 
The reader will remember that 7w\\^/ 1 \ y / 
line n v! is the neutral line ^ ^^-.-_— Jt^ ^ 

which lies nearly at right angles -jx,' 

tothelineofmaximummagneti- ton^enoH or Cueeenis ra 
nation ; and that, for those ■ akhatcbe. 

armatures in which all the coils 

-are joined together in a closed circuit, it is at nn' that the 
brushes have to be placed. But when each coil is indepen- 
dent of the others it is no use putting the brushes at nn' \ 
they must be put at mm'; the line of maximum action coin- 
ciding in this case with the diameter of commutation. But 
those coils which lie very near the line mm' are undergoing 
induction very nearly as strongly as the actual pair that 
3ie in that line ; it would therefore naturally occur that the 
■current might be simultaneously collected from more than 
one coil at once, either (1) by making the pieces of the com- 
mutators overlap, or (2) by connecting to the brushes tliat 
touch on the line m, m' another pair having either a forward 
or a backward lead. If we now consider Fig. 293 we shall 
see this a little more clearly. This figure is a digram of 
such an armature, the coils or loops being here repi-esented 
merely by wavy lines. 

The wavy line A C may represent either a pair of coils 
■such as there are in Fig. 293 on the ring, or may represent 
a single loop or group of windings round a dnim. There 
is a pair of commutator-plates for A C, and another at right 
■angles for B D. Coils A and C are just coming into the posi- 
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tioii of best action; tliey are deliveiing n curi'eiit to the 
brushes P P, and this cuiTent will accordingly increase a little, 
and then decrease i^in. Meantime coils B and D are idle. 
li the four parts of the com{>ound commutator each occupy 




just a quarter of the circumference, it is clear that when A 
comea into action it^ plane makes an angle of 45° with m m', 
and tliat just aa it leaves contact with the brush makes agaia 
au angle of 45° on tlie other side, being in contact in all 
intermediate positions ; and so with each coil as it passes, 
the brushes. There will be a momentaiy break of current 
and a spark as the two successive segments pass under the 
brush, unless the brush touches both at once. Remem- 
bering that Fig. 29, p. 38, i-epi-esente the alternating currents 
from a single loop or pair of coils, and that Fig. 30, p. 38, 
represents the same currents rectified by the use of a simple 
two-pai-t commutatoi-, we shall be able to I'cpresent the effect 
of our new arrangement by some such diagram as Fig. 294. 
The angles marked below are reckoned from the neutral 
hne M «'. When coil A has gone round 90° from this 
position, it is in the [tositlon of maximum induction : but 
because tlie segment A of the commutator is itself 90° iu 
breadth, the current will I»e collected from 45° to 13.5°, 
The shaded [lortions of the curve show the discontinuous 
effect due to the coils A and (' coming into cirouit during 
two quattein of the rotation. Tlie coils B and D come in 



by Google 



AroLUjhthuj Dynamos. 



453 



in the intervals, ii^ iiidicatetl liy tlic dotted lines. The 
induced curieiitji will therafoi'e pi-eiient iiii approximate con- 
tinuity depending on the arrangements of the commutator 
and the bruBliea. Fig. 295 represents tlie effect when there 
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are gaps between the segments of the commutator; and it 
will be noticed that the currents, though all of the same sign, 
are discontinuous. If the brushes thus left contact with 
one segment of the commutator before the next come into 
contact tliere would inevitably be a considerable amount 
of sparking. Fig. 296 ohows the result of making contact 
with one set before the other set is cut out; tlie Induced 
cuiTent being now continuous, but with undulating fluctua- 
tions of strength. During the time when both sets of coils 
are in contact withthebrushes, they arc, of course, in [mrallel 
with one another. During this stage of the action the 
resistance of the armature is half aa great as when one of 
the coils is cut out ; but it is necessaiy to cut out the idle 
coil, otlierwise some of the cun'ent f ram the active coil would 
flow hack uselessly through the idle coil that was in parallel 
with it. During the time when the two sets of coils are in 
parallel they ai'e not equally active. The induced electro- 
motive-force is increasing in one and diminishing in the 
otlier ; there is but a moment when they are equally active — 
when they make equal angles with m m'. At all other 
moments the higher electromotive-force of the more active 
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coil tends to send n back-currentthrough the leas iictive coil : 
and the net electromotive-force with which they act on the 
brushes will be the mean of their two separate electromotive- 
foroes. 

From what has now been said, it will be clear that open- 
coil armatures may be constructed either as rings, drums, or 
disks. They may be aiTanged to run either in a simple or 
in a multiple magnetic field. Tlie principal dynamos con- 
structed upon this plao are the Brush machine and the 
Thomson-HoUBton machine : but there are a few others which 
also come within tlie category of open-coil dynamos. 

Brush'% Dynamo. — One of the best known and least undei^ 
stood of these machines is the Brush dynamo. Its general 
fonn, and the disposition of the field-magneta may be 
gathered from Fig. 297. Tlie lield-magnets are vetysubstan- 
tially built. The magnet lieads are insulated with sheetJi of 
the so-called vulcanised fibre, thoroughly varnished. The 
field-magnet cores are, however, first surrounded with a thiri 
sheet of copppr, soldered together at the edges so as to form 
a continuous tube or envelope. The object of this copper 
coating is to absorb the induced extra currents which other- 
wise would he set circulating in the core whenever a varia- 
tion of the magnetism occurred. Over the copper envelope 
are wound four or five thicknesses of very heavy paper 
saturated with shellac varnish to insulate the wire from the 
iron. In some of the Brush dynamos there is a double wind- 
ing, a shunt or " teazer " circuit being added to maintain the 
magnetism of the field-magnets when the main circuit is 
opened. The automatic regulator, described briefly in 
Chapter XXVII., is used with arc-lighting Brush machines. 

The armature — a ring in form, not entirely over- wound with 
coils, hut having projecting teeth between the coils, like the 
Pacinotti ring — is a unique feature. Though it so far re- 
sembles Pacinotti's ring, it differs more from the Pacinotti 
armature than that armature differs from those of Siemens, 
Gramme, Edison, Biirgin, &c. ; for in all those the successive 
sections are united in series all the way round, and con- 
stitute, in one sense, one continuous bobbin. But in ihe 
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Brutih animture there is no sucli continuity. The ring itself 
was foniieily made of malleable cast ii-on. The wire spaces 
were planed or milled out, and all angles and comers were 
carefully rounded. All iron parte which are to adjoin the 
wire of the " bobUns " are covered first with a layer of strong 
heavy canvna saturated with shellac varnish, and in the case 
of the armatures of the laiger machines there are additional 
layers of tough paper saturated with shellac varnisli. A sheet 
of strong cotton cloth inserted occasionally separates con- 
tiguous layers of wire-from each otiier both in the armature 
bobbins and in the coils of tlie field-magnets. All thehobhins 
are wound by liand, in the same direction, and tlie inner ends 
of diametrically opposite bobbins are soldered together, and 
carefully insulated from all other wires and adjacent metal. 
The free outer ends of each pair of bobbins are separately 
can-ied along the shaft, through the journal, and connected to 
diametrically opposite segments of the commutator. In the 
" sixteen-ligbt " machine the ring is 20 inches in diameter. In 
each of tlie eight coils there are about 900 feet of wire of -OSS 
inch gauge. Thus connected, the machine is adapted to de- 
liver a current of ten amperes. By connecting the two bobbins 
of each pair in parallel, instead of in series with one another, 
the macliiiie may be used to deliver a 20-anipere current. 
For electroplating, much stouter wires are used, 

For each pair of coibj there is a separate commutator. 
In the No. 7 size of machine, which is depicted in Fig. 297, 
there are eight coils on the armature, four commutators 
grouped in two pairs, and two sets of brushes. This size is 
commonly known as a " sixteen-light " machine, though it 
will, as now improved, supply from 24 to 25 arc lights. 

The larger Brush dynamo (" sixty-light " machines) have 
twelve coils upon the ring, connected as six pairs. There are 
three pairs of brushes, and three pairs of commutators, each 
pair being set one-twelfth of a rotation (30") in advance of 
the next pair. These machines have the enormous elec- 
tromotive-force of nearly 3000 volta ; and, with the recent im- 
provements, will supply 60 or more are lights in a single 
oiretut. They formerly supplied 40 lights only. 
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The brushes are armiigetl so as to louth at tlie same time 
the commutatoi-B of two ]»aii>i of coils, hut never of two adjacent 
pairs ; the adjacent commutators 
being always connected to two 
pairs of coil^ tliat lie at right 
angles to one another in the ring. 
Continuity is obtained in the cur- 
rents by making the two parts j 
of the commutator of each pair J 
of coils overlap those of the I 
commutator belonging to the 1 
pairof coils that is at righ tangles, 
one piir of bnishes lewting on 
I)oth commutators. Fig. 298 ia 
a diagi-iim illmtrating this de- 
vice. Kacb i)air of segments p^^ ^^ OvKM-APPtKo Commu- 
overlaiB the other to the extent 
Fia. 20». 




BatJSH COMMCTATOR FttR ARIfATlltE WOUKD VPTTH FOCR TjJUS 

of 45°. Each of the two pairs of coils is thus cut out twice 
during a revolution ; it is twice in circuit alone, as when the 
brushes are at A A', and four times in cii-cuit along witli 
the pair that are at right angles, when the brushes are at 
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B B'. Fig. 299 bIiows the waj in which the commutator is 
arranged in all eight-coilBruBh armatures — thatis,in machines 
for supplying from one to twenty-five arc lights. Thei'e are 
really four commutatorB here, corresponding to the four paiis 
of coils, grouped in pairs ; one pair of commutator being set 
one-«ghth of a rotation (45°) in advance of the other. It will 
be seen from this figure that while the brushes A A' (shown 
in dotted lines) are receiving current fi-om one pair of coils 
only, Uie brushes B B' are at the same instant receiving the 
current from tieo pain o£ coils which are joined in parallel 
with one another in consequence of both of their commutators 
touching the same pair of brushes. The arrangement may 
be still further studied by the aid of Fig. 300, which also illus- 
trates the way of connecting the brualies with the circuit. In 
this figure the eight coils are numbered as four paira, and each 
pair has its own commutator, to which pass the outer ends of 
the wire of each coil, the inner ends of the two coils being 
united across to each other (not shown in the dit^ram). In 
the actual machine, each pair of coils, as it passes through 
the position of least action (i. e. when its plane is at right 
angles to the direction of the lines of force in the field, and 
when the number of lines of force passing tlirough it is a 
maximum, and the rate of change of these lines of force a 
minimum') is cut out of connection. This is accomplished by 
causing the two halves of the commutator to be separated 
from one another by about one-eight of the cireumference 
at each side. In the figure it will be seen that the coils marked 
1, 1, are "cut out." Neither of the two halves of the com- 
mutator toucties the bruslies. In this position, }iowever, the 
coils 3, 3, at right angles to 1, 1, are in the position of best 
action, and the curi-ent powerfully induced in them flows out 
of the brush marked A (which is, therefore, the negative hruBli) 
into that marked A'. This brush is connected across to the 
brush marked B, where tiie current re-enters the armature. 
Now, the coils 2, 2 have just left the position of best action, 
and the coils 4, 4 are beginning to approach tliat position. 
Through both these pairs of coils, therefore, there will be a 
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pnrtial induction going on. Accordingly, it is arranged that 
tlie ouri'ent on pacing into B, splits, part going (lirougli coils 
2, 2, and part tlu-ough 4, 4, iind i-e-uniting at the brush B', 
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CONHEXIONS OF BRDBH DYNAMO. 

whence the current flows round the coils of the fleld-magnets 
to excite them, and then round the external circuit, and back 
to the brush A. (In some machines Jt is an-anged that the 
current shall go round the field-magnetfi, after leaving brush 
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A', and before entering bmah B ; in wliicli case the action of 
the machine is sometimes, though not correctly, described as 
causing its coila, as they i-otale, to feed the field-magnets and 
the external circuit alternately-) The i-otjitionof the armature 
will then bring coils 2, 2 into tlie position of leiwt action, when 
they will l»e cut out, and the same action is lenewed with only 
a slight change in the oi-der of openition. The fctUowing ttible 
summarises the successive order of connexions during a half- 
revohition ; — 
Firs/ position. (Coils i, i cut out) 

./4\ 
A - 3 - A' ; B\ y& ; rield ma^ets - External circuit - A. 

Second position. (Cotb :, 2 cut out.) 

/A'; B — 4— B'r'Field magnets— External circuit -A. 

Third posilioH. (Coils 3, 3 cut out) 

A-i-A'; B<y /^': Field magnets-External circuit-A. 
Fetirth position. (Coils 4, 4 cut out.) 

A-. / ^ ' B— a— B'; Field magnets — External circuit — A. 

Prom this it will be seen that whichever pair of coils is 
in the position of best action, is delivering its euri-ent dii-ect 
into the circuit ; whilst the two paira of coils which occupy 
the secondaiy jiositions are always joined in parallel, the 
same pair of bruslies touching the respective commutators of 
both ; and the remaining pair of coils being cut out. 

One consequence of the peculiar ari-angement thus adopted 
is, that measuring the potentials ]-ound one of the commu- 
tators with a voltmeter gives a wholly different result fi-om 
that obtained with other machines. For one-eighth of tlie 
circumference on either side of the positive brush, there is no 
sensible difference of potential. There then comes a region 
in wliich the potential appears to fall off, but the falling off 
is here partly due to the shorter time during which the 
adjustable brush connected with the voltmeter and the fixed 
positive brush are both in contact witli the same part of the 
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commutator. Further on there is a region in which the volt- 
meter gives no indications, con-esponding to the cut-out posi- 
tion ; and again, on each side of tlie negative brush, there is a 
region where the polarity is the same as thatof the negative 
brush. Fig. 301 ia a diagram of a six-light 
Brush taken at one commutator, the main + 
brush being, however, allowed to rest (as in 
its usual position) in contact with both tliis t 
commutator and the adjacent one. 

From the foregoing considerations, it will'! 
be clear that the four pairs of coils of the I 
Brush machine reallv constitute four separate „ 

1 ■ L J 1- • ^L i ^ P0TBNTIAL8 AT 

maclunes, each deuvenng alternate currents co^,(jj^^,,qjj qp 
to a commutator, which commutes them to Brcsh Dynamo. 
intermittent unidirectional currents in tlie 
brushes ; and that these independent machines are in- 
geniously united in pairs by the device of letting one pair of 
brushes press against the commutators of two pairs of coils. 
Further, that these paired machines are then connected in 
series, by bringing a connexion round from brush A' to 
brush B. 

Tlie core of the Brush ring, as foi-merly made, was of 
malleable cast iron channelled at the sides, so as in some 
degree to obviate eddy currents; The coils are wound in 
deep radial recesses. The form ,of the ring, with its coils, 
may be discerned in Fig. 297, and the channelled cast-iron 
ring itself is shown in Fig. 302. The solid masses of iron in 
this now obsolete foim of armature gave rise to wasteful 
eddy currents, the production of which heated the ring and 
absorbed considerable power. In the newer Brush machines 
a ring is employed which is built up of a tliin iron rihbon 
1 ■ 5 millimetres thick. Figs. 303 to 305 show its construction, 
though in reality a lai^r number of pieces of thinner iron 
than is shown are used. The riblx>n is wound upon a cireular 
foundation ring A', projecting cross-pieces of tlie same 
thickness and of the form shown in Fig. 305 (and also 
marked H in Figa. 303 and 304) being inserted at intervals 
to separate the convolutions, admit of ventilation, and form 
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suitable projections Iietweeii whicli to wind tlie coib. In 
the larger annntr run tliere are 45 turns of tlie ribbon. It is 
secured by well iimulal«d I'adial bolts. The gain in coolness 



k)RE OF B111J8H Rmo (Old pattern), 
Fla. 808. Flo. 804. 




!■ Brush Rdjo (New patt*i 



IB great ; and the old niaclune, which formerly supplied 40 
arc lamps, when provided with the new ring can supply 
60 lamps at tlie same speed as before. The smaller 16-lighb 
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machine with an aiinature of the new type liglits 25 lamps, 
showing tliat tlie deleterious leactions hiive been fairly 
eliminated ; and it may even be run at higher speeds with 
perfect safety. 

The most striking way of realizing the great improvement 
which has thus been made is to com|>ai-t! tlie speeds required 
to develop equal electromotive-forces in tlie two machines. 
The experiments were made with identical niacliines. Both 
armatures were of tlie same size, with same length and 
weight of wire ; and tlie iield-inagnets were identically 
excited with a 10-ampere cuiTent. The results are shown 
in the two curves of Fig. 306. At 800 revolutions the old 
cast-iron armature gave about 730 volts: the new laminated 
armature gave over 1000 volts.' 
Fio. aos. 
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CimvBS OF Old am> New Pattekhb op Brush UACmNK. 
Some large sliuut-wound Brush machines have been re- 
cently constructed for electro-metallurgieal purposes. ■ The 
1 More surprising still, the powtr absorbed in driving Lhe old armature 
giving 730 volts was IT hors»-power, wliJIst tliat absorbed In driving the 
new, giving 1020 volts was only 18 horse-power. The old armature M)ulij 
not be iim above SOO revoluttons p«r minute wiMmiit dangerous heating. 
Tlie npw armature may be safelf ran at a mucli higher speed, without risk 
o( beating or other danger. 



b,Googlc 



464 Dynamo-Electric Machinery. 

largest of these,^ liaviiig iin armature 42 inches in diameter, 
running at 405 revolutions per minute, gave 3200 iimperes at 
83 volts. Tliis eolodsal machine weiglia nearly 10 tons, the 
weight of copter on the field-magnets l>eing 5424 lb., that on 
the amiature 1600 lb. Tliis is at the lute of 1 lb. of copper 
on the annature for every 160 waits of output ; or 43 watts 
for every 1 lb. of cop[)er on the machine. 

Some elaborate tests on Biiisli dynamos, with two different 
patterns of armature, were nnule ^ in 1889 by Mr. Murray of 
Melbourne. Tliese sliowed commercial efficiencies of about 
69 -8 per cent, in machines with core-i>hites 0*05 inch thick, 
and of alxiut 78 per cent, in those with core-plates ■ 022 inch 
thick. Tlie values of B attained -were about 4800 in field- 
magnet cores and 27,000 in the armature cores. The fluctua- 
tions of the current were about 1 ■ 5 [jcr cent. 

Some drawings of a small model Brusli dynamo are given 
iu Plate XVI. 

Tlie automatic governor used for maintaining tlie constancy 
of ttie current is described in Chapter XXVII. on Kegulatora. 

Thomson- ITou-at on Dynamo. — Tliia machine, which is 
equally remarkable, was designed by Profeasoi-s Elihu 
Thomson of Lynn and Edwin J. Houston of Philailelpbia. Its 
spherical amiatuve is unique among armatures; its cup- 
shaped field-mngnets are unique amongst field-magnets ; 
\Xa three-part commutator iu unique among commutatora. A 
general view of the machine is given in Fig. 307, and a 
sectional one in Fig. 308. As will be seen from these cuts, 
the field-magnet core consists of two flanged iron tubes fui> 
nished at their inner enils with liollnw cups cast in one with 
the tubes, and accurately turned to receive the armature. 
Upon the tubes are wound the coils C C, and afterwards the 
two parts are united by means of a number of wi-ought-iron 
bara 6 J, which constitute the yoke of the magnet and at the 
same time protect tlie coils. The magnets are carried on a 
framework, whicli also supports the bearings for the armature 

' See paper by Prof. Thurston, In Jownal itf Franklin Institute, Sept. 
1880; or see Eiectrician. xvli., 4fl0, 18811. 
!> Journal Innt. Electrical EnginefrK, xvli. 710, Nov. 1880. 
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shaft X. The arniatui-e, which is spheroidal i-ather than 
aplierical, is constructed as follows : Uj>onthe shaftai-e keyed 
two concave iron disks S, S (Fig. 309), tlie space between 

Fio. 309. FiQ. 810. 



Thomson-Houston Arhatcre (Section). THOMSON-HorsroN Arhattse, 

them l)eiiig bridged by light ribs of wix>nglit iron, d, d. 
Wooden pins J, J, are driven at intervals into appropriate 
holes drilled in the iron shell to facilitate the winding of tlie 
coils. Tlie winding itself is very i-einarkulile. There are but 
three coils. The inner ends of these are united together (at A, 
Fig. 307), and vot ciinnefted 1o any other conductor. The 
three wii-es are then wound over the shell (which is covered 
with varnished pai>cr) in three sets of windings making 120° 
with one another, and arranged to U' at equal average dis- 
tances from the ore by the following device. Beginning at 
Ihe junction at h, half the No. 1 coil is wound. Then (he 
ai mature is turaed through V10° and the No. 2 coil is wound 
on 10 half its length. Then coil No. 3 is wound, starting 
from /(, and finished off at 3. Then the second half of No. 2 \s 
com]»leted ; lastly, the second half of coil No. 1. The three 
coils are, therefore, on the average. equi<listnnt fi-oui the iron 
core : their overlaiiplng makes the cxtenml form nearly 
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spherical. They are held in place by the binding wires g g, 
Quite recently a new ainmture haa been introduced, also hav- 
ing three coils, but ring-wound so that there is no overlap- 
ping. Winding and repairing are thereby innch facilitated. 
Tlie connexions of the three circuits remain r3 Iwfore. When 
this armature is rotated within the cavity between the cnp- 
8hHj>ed poles alternate ciirrenb* are generated in each separate 
«oil in turn, and it now remains to consider how these alter- 
nate inductions are rectified and combined by the commuta- 
tor. In the diagrams which follow, tlie rotation is represented 
as left^lianded, as viewed from the commntatoi'-end of the 
shaft, as itis in practice. Fijg. 311 represents the arrangement 



ComrtJTATOit AND CiRcmT of Thomson-Houston Dynamo. 

in diagmm. The three coils represented diagmmmatically by 
the three lines A li G, are united at tlieir inner extremities, 
each outer end being led to one segment of a tliree-piirt coni- 
mutiitor. There are two positive brushes P and F, and two 
negative brushes V and F'. The cvirrent delivered to P and 
F first flows round one of the field-inagnets, thence goes to 
the outer circuit of lamps, returning thi-ough the other field- 
magnet to P' and F'. The reader should now compare this 
diagram with Fig. 292, p. 451, and obaerve that in that figure 
the neutral line n n'. divides the rotation obliquely into two 
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halves, the induced currents flowing outwardly from centre to 
cotuniutatorinnU coils tliat are rising through the light-hand 
half of this obliqnelydivided circle; and inwai-dly from eom- 
nmtator to centi-e in all coila descending through the left- 
hand liitlf of the i-otation. Aecoi-dingly in Fig. 811 there will 
be lui ontwjvi-d current in A and an inwaid one in C ; B being 
for the moment cut out of circuit m it passes through the iieu- 
tr.ll position. Continuity ia obtained by the device mentioned 
on j>. 451, of having the second pair of bruslies F F' following 
tlie i)air P P', In tliis positioii of the ai'mature A and C make 
about equal angles with the line of maximum action ni wi', 
hence the two electromotive-forces in these coila are for the 
moment about equal, hut that in A is increasing, that in C 
decreasing. A& these coils are now in series, their separate 
electromotive-forces are of courae added together. A moment 
later we shall have arrived at the stats of tilings represented 
in Fig. 312, which is a twelfth of a turn advanced. A Ja now 



Fio. 818. 




in the position of maximum induction ; C is rapidly approach- 
ing the neutral position but is not yet cut out; B has again 
begun to have electromotive-force induced in it, and has just 
come into circuit. B and C are in parallel with one another 
and in series with A. The next twelfth of a turn brings 
US to the stage shown in Fig. 313. C is now at the neuti-al 
position and is out of cireuit, A lias passed the maximum on 
one side and B is approaching the maximum on the other ; and 
they are in series. Another twelfth of a turn and we arrive 
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at Fig. 314. A is fast appraiicliiiig tlie neutral position ; B 
is nt ito maximum ; C has passed tlie iieutiul stage, and lias 
just come into eii-cuit again by 
touching the [jositive following Fia. 814. 

hnish. Anotlier instant and C ^ / 

will occupy the place where A 
was ill Fig, 308, a wtiole thii-d 
of a revolution having been 
completed, and the actions re- 
commence, A occupying the 
place of B, and B that of C. 
The following table exhibits 
the round of changes during a 
third of a revolution: — 




From external c 



-O^ 






-to external circuitp 



::::><>-" 




and so forth. 

If the width of the gaps between the segments of the 
commutator be equal to the width between the adjacent 
brushes, each coil will be out of cii'cuit whenever it is mora 
than 60° from the position of maximum action, and the time 
during which any two coils ai-e in parallel will be practically 
nil. But if the following brushes F F' are at a considerable 
angle — about 60" in practice — behind the brushes P P', there 
will be considerable duration of the stnge during which two 
coils are in parallel. 

The regulation of this machine to maintain a constant 



i.t^iooylc 



470 Dynamo'Electric Machinery, 

current isaccomplishedbyanautomaticshiftingof the brushes. 
At firet the inventor adopted a metliod of " forwaiii " regular 
tion, the brushes being net at only 85° in advance of one 
another, and being both shifted forwai-d whenever the cui-rent 
exceeded its proper strength. Tlie effect of this will be seen 
by considering the dotted lines pp' and ff in Fig. 312. 
Clearly, if p maintained contact with JB qfter it had passed 
tlie neutral line, its electromotive-force would tend to diminish 
that of A which is in contact with/. This metliod was found 
in practice unsatisfactory, and has been abandoned. The 
actual method now used is termed " backwai-d " i-egulation. 
In this system the following 
pair of brushes F F' is shifted 
backward ioff aa shown in Fig. 
315, whilst at the same time tlie 
='° leading brushes V P' are shifted 
forwai-d through an angle one- 
third as great towards p j/.- If, 
stated above, the bi'ushea 
are 60° apart under normal con- 
ditions, there will be exactly 120° 
on either side between the pos- 
itive brushes P F and the neg- 
ative bmslies P'F'; and aa 120° 
IB the exact length of each segment of the commutator, no coil 
will l)e cut out, and panillelism will subsist b;;tweeji two coile 
through angles of 60° : that is to say, tliere will alway-i be two 
of the three coils in parallel with one another and i:i series 
with the thii-d coil. The six stages of change will be ; — 

/¥■ - B\ /P\ 
From external circuit- < ^A< > to external circuit, 

\p'-c/ \f/ 

-ok::.v 

:::>^o- 

<:><::.v 
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From exteriul circuit <^^ _ a/^ \ / '*' "*""*' "^"'^ 

-<:><::i>— , 

Now suppose tha current to become too strong owing to 
rednctioa of number of lamps in circuit, the following bnishea 
are made to recede. This will shorten the time during which 
any single coil in passing through the maximum position is 
throwing its whole electromotiTe-force into the circuit, and 
will hasten tbe moment when it is put in parallel with a 
comparatively idle coil. During such movementa of regula- 
tion the whole machine is momentarily shortrcircuited six 
times during each revolution by F receding so far towards 
P', and F' receding so far towards F, as that both touch the 
same segment of the commutator at one instant. The action 
is assisted by the slight advance of P and P', but the main 
object of thb advance is to lessen the sparking. If the cu]> 
rent is too weak, then the pairs of brashes must be made to 
close up, thereby reducing the time during which the 
most active coils are in parallel with those tliat are les3 
active. 

Regulating Gear. — This motion of advance and retreat is acconi' 
plished by the eimple mechaniflm shown in Fig, 8la, The bniflhes aie 
fixed to levera Y Y and Y, Yj united bj a third lever I. The automatio 
movement ia imparted bj the regulating eleotromagnet R, whose pola 
M, ot paraboloidal form, attracts ita armature N according ta the current 
flowinground it, A dasb'pot J, attached to the arm A, prevents too 
Budden motions. The circuits which opeiat« this mechanism are further 
shown in Fig. 817. Normallj the electromagnet B is short.circuited 
through a by-paea circuit, and only acts when this circuit is opened. At 
' some convenient point of the main circuit two solenoids are introduced, 
their cores being supported by a spring ; and the yoke of the coree oper- 
ates the contact lever S. If the current becomes too strong thiscontact 
is opened, and the regulating magnet R raises the arm A. Zhiring run- 
ning the lever 8 is continually vibrating up and down, and so altering 
the brushes to tbe requirementa of the circuit A carbon shunt of 
high resistance r is added to minimize the destructive spark at S. 

It might' be expected that with only three parts to the 
commutator, the sparks occurring as the segments pass under 
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the brushes would speedily destroy the surface. This diffi- 
culty has been met by Prof. Thomson in the boldest niaanftr. 



Bn}DU.TniQ Uaoset ahc Geab of Thomscn- 
Fio. 817 




lJljlM^^£lMJ 



CmciTTs OF Thomson-Hocbtom System, 
By means of a small mechanical blower, fixed upon the shaft 
behind the commatator, inteiinittent blasts of air are blown 
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exactly at the right moment so as virtually to blow but the 
spark. The three segments of the commutator aie separated 
by gaps ; and in fiont of each of the leading brushes (as 
shown in Fig. 807) there projects a nozzle wliich discharges 
a blast, alternately, three times in each revolution. 

The normal current for tliis dynamo is 9-Q amperes, or 6-8 
amperes, though tl^ey aie also wound for stronger currents. 
One of the larger machines will maintain 63 are lights in a 
single cireuit, with an electromotive-force of 3000 volts. Tlio 
ordiuaiy machine supplying 34 arc lamps at 45 to 46 volts 
each with a cun'ent of 9-6 amperes, lias an internal resistance 
.of 10-5 ohms in the aimature and 10-5 ohms in the field- 
magnets. The iirmature is 23^ inches in external diameter ; 
its wire being of 0081 inch gauge. That of the field-mag- 
nets is ©"ISS inch gauge. The usual speed is 850 revolutions 
per minute; but the peculiar arrangements for automatic 
regulation render die machine nearly independent of irregu- 
larities in the speed. There is in the armature about lyard 
of wire for eveiy 0-53 volt of the induced electromotive-force. 
The ratio of weight of copper to iron in these dynamos is 
very high compared with that of many machines, being 1 of 
copper to 2-25 of iron. . 

Professor K. Thomson has also designed, for supplying 
lai^ currents at low potential, a form of dynamo which is 
outwardly of similar structure to the machine described 
above. But in this new maclrine, which is intended for in- 
candescent lamps in parallel, the spherical armature is wound 
as a closed-coil in sixteen sections. The field-magnets are 
much more massive, and the output of the machine more 
than five times as great in proportion to its size. It is com- 
pound-wound ; the series coils being wound on a separate 
frame over the armature. 

Advantaget of Open-coil Dynamog. — The two great typical 
open-coil dynamos — those of Brush and of Thomson-Houston 
— appeartohave certain qualities which render them specially 
applicable as constant-current dynamos for are-lighting. 
ThreeK^uartei's of all the arc-lights in the world are run by 
one or other of these machines. It would seem that the 
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closed-coil dynamos, whether of the ring or of the drum type, 
are not so well adnpted for furnishing the very Ingli electro- 
motive forces needed for this work. The commutator, with its 
many pamttel bare insulated with mica orpapier-maclifj (which 
is the indispensable adjunct of the closed-coil armature), 
rapidly deteriorates when exposed to the inevitable sparkinjf 
and wide alterations of lead which are iMeeparable from the 
constant-current method of working. For this method of 
distribution of electric energy, nothing will stand wear and 
tear so well a.s the simple aii--insulated commutators described 
in this chapter. As a partial setoff against these advantages 
may be reckoned the fluctuations in the currents whic)i arise 
from the employment of so few coils or groups of coils. 

Fluctuationi of Current in Open-coil Armatures. — The 
calculations of the fluctuation given in Chapter IX., p. 221, 
for closed-coil armatui'es are also applicable to open-coil arma- 
tures, provided there is no cutting out of coils. When idle 
coils are cut out, the fluctuations are less marked, hut the 
calculations are less simple. That such fluctuations exist is 
abundantly verified by the Jntei-ference of arc-light circuits 
with neighbouring telephone lines in wliicli they induce 
buzzing noises. Rapidly fluctuating currents are affected by 
the sslf-induction of any electromagnets in the circuit, whicli 
always tends to tone down the rapid fluctuations and steadies 
the current. 

A special studj' of the curves of induction in the armature 
of a Thomson-Houston arc-liglit machine has been made^ by 
Mr. Milton E. Thomjison, Avho found the total current at full 
load to fluctuate between five and eiglit amperes, six times in 
each revolution ; the mean cuneiit being 68. The fluctua- 
tions of electi^moUve-foreo in each individual coil were very 
remarkable ; tlie cuiTCS l)eing singularly irregular, falling to 
near zero twelve times in each revolution. 

» ElectrUal World, xvll. 302, 1801, and Electrical Review, ixvlil. 77;!, I80I. 
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Other Arc-Light Machines. 

Sperri/'s Dynamo. — An aro-liglit dynamo with a Gmmme 

armature is that of Speirj, Figs. S18, 319, tlie diBtiiiguisiL- 



Fio. 819, 



Sperry's Abo-Lioht Dtnamo. 
Ing feature of which is the use of 
internal as well as external pole- 
pieces. One of these machines, »iw 
in 1889, at Paris, gave ten anipwes/ 
at 620 volts, wlien running at 1000(. 
revolutions per minute. The ring-f* 
core was of 10-^ inches iiitemal and\ 
13^ inches external diainet^i', and OJ 
inches loDg. The commutatoi' lnvd 
72 bars; and the winding consisted 
of 72 sections of 40 turns eacli in four 
layers. The clearance space outside 
the binding ivires was about ^^ inch. Tlie inventor claims ' 
^ See Appendix to paper by EHon, in Journal Imt. Electrical Bngtneen, 
xiz. 157, 1800. 
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that the bnishes may be advanced from tlie position of full 
electromotive-force to even a position of zero voltage without 
sparking ; tlie cross-magnetizing action of the armature being 
small compared with the power of the field-magnets. 

Wood'% Dynamo. — Tliis also is a modified Gramme 
machine,^ supplying 9-6 amperes at 2640 volts, at a speed 
of 875 revolutions per minute. There are 120 sections with 
72 turns in each, and a cross-section of iron in the ring o£ 



■Wood's Dtnako. 

14 sq, inches. To obviate sparking, there is an auxiliary 
brush placed 5 to 10 sections ahead of tlie collecting brush ; 
and the voltage is varie<I by a device which shifts the brushes 
forward. The largest arc-lighting station in the world, that 
at St. Louis, Missouri, is supplied with 53 of these dynamos, 
eacli capable of feeding 60 arc lamps. 

BalVi Dynamo. — For ten yeai-s there has been extensively 
used in the United States a machine Imviiig two Gramme 

' See Electrical World, xil. April, 23, 1SS7, and xlv. 51 and 260, 1889 ; 
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armatures side by side on one shaft, with a magnetic circuit 
of very singular design. To each armature there is only one 
pole-piece, so that the magnetic lines which enter the ring on 
one side have to find their way out across a wide irregular 
gap, with the consequence that theifl is great magnetic 
leakage and waste of magnetizing power. The disadvantage 
of this method of using a bad magnetic circuit was pointed 
out in the earlier editions of this work ; and experiments were 
cited showing how, with a rational arrangement to magnetize 
one armature between two pole-pieces instead of half mi^ 
netizing two armatures with one pole-piece each, a single 
armature might yield as high an electromotive-force aa do 
the two. It remains, however, to be stated that in spite o£ 
these imperfections of design, the Ball machine has given 
great satisfaction, its construction having been evidently cai> 
ried out with good engineering skill. 

Hdiaon'a Municipal Dynamo. — A special machme for series 
lighting, by means of incandescent lamps, Is used by the 
Edison Company under this name.' There are several sizes 
of machines for currents of 9, 16, S2, and 48 amperes respec- 
tively. The smallest of these has three circuits, each to sup- 
ply a three-ampere current to a separate row of lamps, the 
volts being 1200 at 1600 revolutions per minute. 

J'hcenix Arc Dynamo. — Mr. W. B. Esson has designed are- 
light dynamos' for Messrs. Paterson and Cooper, using 
Gramme ring armatures ; and finds no difficulty in constructs 
ing them from 800 up to 1500 volts. Some are of the form 
shown in Plate V., but are wound somewhat differently for 
constant-current work; others have a double magnetic circuit. 
As the armature is wound witii many turns of fine wire, there 
are many turns to each section, which therefore possesses con- 
siderable self-induction, and requires a large electromotive- 
force to reverse the current in it in the act of commutation. 
If, therefore, the regulation is to be effected by shifting for- 
ward the brushes, it is clear tliat in every position, from min- 
imum to maximum of the range, the magnetic field in the gap 
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must be adequate ; and as tlie cnefiiuient o£ eelf-induction is 
nearly constant, the field in the gap-Kpace must also he nearly 
constant. In other worda, the iron of tlie fieid-magnet may 
be reduced in quantity, but excited to a high degree, so as to 
be more constant in its magnetization. 

Statter'g Dynamo. — Another example of a constant-current 
dynamo, with an automatic regulator to shift the brushes, is 
afforded by Statter's machine, in which, by a careful shaping 



Statter's Constant Cukrent Dtnamo. 

of the pole-faeen, a disjinsition of the magnetic field is obtained 
which pennits the machine tn run s|>arklessly. The mechan- 
ism which moves tlie brusli consists^ of a toothed wheel, 
actuated by one or other of two pawls driven from the shaft 
by an eccentric. A solenoid in tlie main circuit controls the 
action of the pawls, and so shifts the bmshes forward or back 
as may l>e needed to keep the current constant. 

Schuyler's Dynamo. — This machine has a drum armature 

321, 1B60 ; and SpeciflcatioD of Patent, 
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wound in eight parts, and coupled up so that the coils are 
Huccessivel^ cut out at the neutral points. 

Other Open-coil Dynamos. — Other forma of open-coil dyna- 
mos liave been proposed hj Bain, by Newton, and by Dr. 
Hammerl. The armature of the latter consists of a Gramme 
ring wound in sections, bat having the inner ends of all the 
sections united together at a common junction, and their 
outer ends brought each to a separate bar of a collector. 
Sir Wm. Thomson has also suggested other forms in one oE 
which the armature i-esembles a bicycle wheel. A disk dy- 
namo of kindred design has lately been constructed by 
Poleschko, and is described in Chapter XIX. 

Drooping CharaGUriatics. — A method which, though not 
in itself securing constancy of current, is much followed in 
the construction of arc-lighting dynamos, should here be ex- 
plained. Attention was drawn on p. 256 to the drooping 
form of the characteristic of certain series-wound machines. 
It is obvious that if this effect is sufRciently ext^gerated, the 
drooping portion of the characteristic will correspond to the 
case of an approximately constant cuiTent. The drooping 
characteristic is important in promoting the steady working 
of arc lamps in the circuit. Suppose an arc lamp to be run- 
ning on a 8eries>wound dynamo under such conditions of 
working that the characteristic is ascending, any shortening 
of the arc will be followed by a reduction of resistance and a 
large increase of current. Whereas if the conditions of work- 
ing are such as to fit to a point on the drooping part of the 
characteristic, any decrease in resistance in the circuit will 
result in a comparatively small increase of current. 

The causes tliat tend to cause the characteristic of the 
series dynamo to turn down after reaching a maximum 
height are : (1) the demt^netizing effect of the ai-mature 
current when there is a positive lead at the brushes ; (2) the 
saturating of the iron of the armature core before that of 
tho tftild-magnets; (S) the leakage of magnetic lines from xaa 
fleid-magnet ; (4) the peculiar commuting arrangements in 
certain machines — for example, the oi)en-coil dynamos men- 
tioned previously — which make their eitective electromotive- 
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force vary greatly with the position given to the brushes ; 
(5) high internnl reaistance, and self-induction. As tiie 
demagnetizing effect of the armature cuirent is nearly pro- 
portional to the strength of the current and to the sine of 
the angle of lead, and as the sine of tlie angle of lead is itself 
nearly proportional to tlie armature current, it follows that 
the whole demagnetizing effect is nearly proportional to the 
square of the armature current. 
In Fig. 322 let the curve E^ rep- 
resent the electromotive-force 
(at a given sjieed) when the 
field-magnets are separately ex- 
^ cited, tlie armature circuit heing 
« left open ; tliis includes the 
effect of (2) and partially (3) 
X above. On tlie same diagram 
a curve having ordinates pro- 
portional to I'i, and of such a 
magnitude as to represent the 
■ demagnetizing action of the ai^- 
mature current, may be plotted. 
Deducting the ordinates of this curve from those of cui-ve E 
we get curve Ej, the di-ooping characteristic. The trouble 
with all macliines of tliis chiss is the sparking at the brushes 
consequent on the variability of the angle of lead. 

The effect of a drooping characteiistic can to some extent 
be obtained by inserting in the external circuit a resistance 
of from 1 to 2 ohms. And this is preferable to having an 
internal resistance that would atld to the heating of the 
armature. Butsucli auxiliary i-esistance should be coiled on 
an iron core, since self-induction here is of value in steady- 
ing the current. 

C&n^tant Current Regulaton. — A number of devices appli- 
cable to arc-light dynamos are described in Chapter XXVII. ; 
amongst tliem being the " third-brush" regulator of Water* 
house for use in arc*lighting. 
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CHAPTER XVIII. 

EXAMPLES OF MODERN DYKAMOS. — (Direct CUWent.) 

Gramme Dynasios. 

Innumerable forma have been given to the Gi-nmme 
nin«hine at different dates since its appeamnce in 1871, vary- 
ing fram small laboratory machines with pennanent steel 
magnets, such as are shown in Fig. 823, to large nmchines 
absorbing 30 or 40 horse-power. Tliose who desire more 

FlQ. 328. 



Orahme Dtnauo, " a " Pattreh. 



detailed information concerning the various patterns of 
Gramme dynamo should consult the earlier editions of tliis 
work, in which a number of forms were described. They 
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fihould also refer to the treatise of the late M. A. Ifiaudet, 
entitled Machine* Stectriquea d couranU e<mtinu», tyitimet 
Gramme et congineret (1881). Fig. 323 shows the ordinary 
" A " Gramme, the firat pattern which came into conunercial 
nse, and which, with little alteration save general strengthen- 
ing of the design, Ih in extended use to-day. Ita characteristic 
features are the ring-armature, made of an iron wire core 
entirely overwound witli coils (described p. 343), and the 
dnuble-clrcuit field-magnet having consequent poles, a double 
north pole above, and a double south pole below the armature. 
The ring depicted in Fig. 35 (p. 43), is of more advanced 
construction, better built than the original type, and con- 
nected to the shaft by an internal gun-metal spider, instead 
of being driven on to a wooden hub ; and the collector-bars 
are prevented from flying to pieces by the addition of an 
insulated ring shrunk on over their ends. 

Another more recent form of Gramme dynamo is that 
depicted in Fig. 324, which has four taliefnt poles, as dis- 
tinguished from the consequent poles at the middle-points of 
the electromagnets. The field-magnets of this type are very 
simple, for the four cores, the external octagonal frame, and 
one of the two brackets which cany the shaft, are all cast in 
one piece (Fig. 324). The object of tliis is to secure a 
strong, light, and portable machine suitable for temporary 
lighting. The coils are wound on a separate mould, and 
Blipi>ed on and secured in tlietr pltices. Some of these 
macliincs are constructed with two poles only, Tlie weight 
of copper in tliem is relatively less than in the macliines 
with consequent poles. 

In 18H5 a new form of field-magnet was adopted by 
M. Gramme, consisting of an inverted horae-ahoe. In tliis 

• Amongst these sre the improveil forms designed by M. Marcel Deprez, 
those designed by Mr. Iloclihaiiseii, and tJiose niatlc by Llie Puller Company 
of New York; Mr. AVood of New York, lias also pi^rfected tlie design in 
many details. Otlier mod iticat ions have been made by M. RafTard, by 
H>[. Sautter Lemonnler & Co., and by otlier Prencli engineers: of these, 
■ome account is given in Li'hiftrlex. Nov. nth, 19m. For an account of 
Gramme's historical exhibit In the Paris Exposition of 13S9, aee ladxiatrit*. 
Til., 285, 18W. 



by Google 



Examples of Modem Dynamos. 483 



FocB-POU Gkamme Dtnako (1880). 
no. 335. 



Orahme Dynamo (Type SupMeur, 1 
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machine, sketches of which are given in Figs. S25-8, the bed- 
plate, the m^net-corea, the pole-pieces, and the supports of 
the bearings are of cast iron, al) in one piece. 

The field-magnet coils are wound on separate mandrils and 
then slipped over the cores between cheeks of insulating sub- 
stance. The ring-armature is driven upon a spider of bronze, 
keyed to the shaft, its outer edges passing between the insulated 
copper coils and supporting the core, which is of laminated 
iron. The collector bars are held together by an external ring 
of bronze, well insulated from them. The details are shown 
In the figures, and it will be noted that the field-magnet cores 
are for some reason east hollow. Fig. 3a8 shows the arrange- 
ments of the bruah-holders. One of these machines, intended 
for an output of 40 amperes with a pressure of 110 volts, at a 
speed of 1400 revolutions per minute, had the following dimen- 
sions : — 

Internal radius of armature core, 6-5 cm. ; external radius, 
9-15 cm. ; axial length of core, 16 cm. ; total sectional area of 
armature core, 80 sq. cm.; distance from armature core to pole- 
piece, 0'85 cm. ; estimated area of each polar surface, 366 sq. 
cm. ; sectional area of each iron magnet-core, 174 sq. cm. ; esti- 
mated length of magnetic circuit within fleld-magnet, 81 cm. ; 
commutator-bars, 60 ; total number of windings on the ring, 
800 ; armature resistance, 0174 ohm ; shunt resistance, 46 ohms. 

Crompton's Dynamos. 

Mr. R. E. Crompton, who pioneea'ed many of the improve- 
ments in recent years, began with the now obsolete Biirgin 
form of ring-armature, fur which, with the coliaboration of 
Mr. Kapp, he subsequently adopted the cylindncal rings 
described on p. 349. 

A general view of the Crompton dynamo is given in 
Fig. 329, which shows vertical iield-m^nets with a double 
magnetic circuit. 

The armature windings, in the 1887 type, are formed of 
specially dmwn copper wire of nearly rectangular section, 
cotton-covered, there being one turn of such wire to each 
segment of the commutator. The separate turns are bent to 
shape on proper formers before being placed 6n .the ring, and 
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are taped blether in twos, so thnt when put in place they lie 
with the longer dimension of their rectangular section i-adial^ 
BO getting great deptli of copper radially on the armature. 
Tlie two turns lie side by side on the external periphery of 
the ring, but radially above one another at the internal 
periphery. The armatures are usually provided with driving- 
projections of insulated metal, inserted at intervals between 

Fio. 839. 



Crohptos's Dynamo (1887), 

tlie conducting wires ; and after winding are strongly bound 
with binding-wires of tinned steel- In some of the most 
recent macliines a single magnetic cii-cuit only is employed. 
Another improvement useful in niiiehiiies for furnishing laige 
cnrrents consists in dividing esicli conductor on the external 
periphery of the aniiature into two or more strips, which are 
crossed under one atiotlier at the middle and united together 
at their ends. Instead of such imbricated strips, rectangular 
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burs of compressed sti-anded wires are now used in all large 
output machines. This construction greatly diminishes the 
eddy-currents which are set up in the conductors if they cou- 
Bist of single rods or bars. 

A complete account of Mr. Crompton's successive stf^es 
of improvements > would occupy a volume in itself. Besi^^es 
the iu)provemeuta made in conjunction with Mr. Kapp on 
genenil design, p. S49, and mare favourable use of iron in the 
armature, a number were made in conjunction with M*r. Swin- 
burne on various modes of winding, p. 867, and on machine.^ 
with eonductore embedded in the core-disks. Then Mr. 
Cromptou found that it was needless to insulate core-dbks 
from spindle if they wei'e separated from one another 
throughout their sui'faces up to tlie periphery. Next came 
the question of diiving-teeth, and the thick driving-disks 
mentioned on p. 849 were abandoned in favour of teeth of 
delta-metal or Aluminium bronze, fitted into the substance of 
the compi-essed core. Then came the production of imbri- 
cated and compi-essed sti-anded conductora to obviate eddy- 
currents. Lastly, lie adoption of multipolar series windings 
for drum armatures. With large foui'-pole machines for 
central-station lighting Messrs. R. E. Crompton and Co. have 
had great success. The construction of some of their large- 
output armatures is indicated in Figs. 265 and 266, on p. 370. 

Kapp's Dynamos. 
Mr. Gisbert Kapp has designed various forms of direct- 
current dynamos, some having cylindrical ring-armatures, tlie 
more recent ones drum-wound armatures. The latest and 
best construction of 2-pole machine is that depicted in 
Fig, 330, being of the "over " type with the armature and 
shaft at the summit of the field-magnet. Tliese machines are 
constructed by MessiB. W. H. Allen and Co., and by Messrs. 
Johnson and Phillips. In Plates I., II., and III. are given 
drawings of a 21-unit machine by the latter firm, giving 200 

' See remarks by Hr. Crompton in Proc. In»t. Civil Eagtticsra, IzxzIU 
1^, 1885; Journal Sat. Teleg. EnuiMtrt, xv. 540, 1880; uitl Journal iMtt 
Bee. Enfftneeri, xix. 239, 1S90, and ix. 308, 1891. 
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amperes at 105 volts at 780 revolutions per minate. 
following are the data of this machine : — 



Kapp Dvnamo. 

Armature, Core 16" long by ;i&" deep, mounted on cast-iron 
spider. Area of iron in core, allowing for insulation between 
coie-disks, C2'5 sq. in. External diameter llg'j". Conductor 
liO copperbars,eacli made of two parallel bars, 0-208" xO'llO" 
in section, united in parallel, attording 0-046 sq. in. sectional 
ai-ea. Connectors 120 copper semicircles with luga ; depth If" ; 
tliickness, 0-050", Resistance (warm) 0-025 obui. Commutator 
60 parts. 

Field-magmU. Diameter of bore, ll^J". Shunt winding 
11 layers, of 139 turns each, of 0-065" diameter round copper 
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wire, covered to a diameter of 0080", on each limli, and the two 
limbs connected in series. Total shunt turns 3058, Series 
winding 23 turns nn each limb, of copper tape, 0-480" wide by 
0-130" thick, and the two limbs joined in parallel. Hesistance 
of shunt coils (warm) 30-8 ohms; of series winding 0-00T9 ohm. 

One peculiarity in this dynamo is the mode of driving the 
conductors of the armature. As shown in the section in 
Plate JI., there are introducedat intervals between the core- 
disks, some thicker disks having ventilating apertures and 
projecting homs of steel. Around these steel horns are 
placed pieces of hard white fibre, as driving-horns ; and as 
these project in alternate positions, the copper conductors 
cannot be laid straight, but ai-e given a sinuous form. Plate 
II. also shows how the core-disks are clamped together by 
face-plates having ventilating perforations through them, the 
■whole core being held up against a collar on the shaft by a 
screw-nut. The figures in Plates I., II., and III. also show 
the details of the brush-holder and rocker, the construction of 
the field-magnet, the arrangements of the bearings, and the 
pattern of lubricator employed. 

Kapp's Multipolar Drum Dynamo for central-station lights 
ing is shown on Plate IX., Fig. 2. This is a 6-pole machine 
with the armature ^vindings grouped in parallel, or, if desired, 
in series, so as to need but two sets of brushes. The wind- 
ings are of a cable of stranded insulated wire. The follow- 
ing are the data of the machine depicted : — 

Outp^. JlOO amperes at 50 to 55 volta, at 460 revolutions 
per minute. 

Armature. Length 12 inches ; diameter 24 inches ; number 
of conductors 224, connected in parallel grouping for six poles ; 
nett armature i-esistance from brush to brush 000166 ohm 
(warm); commutator 112 seginents; six sets of brushes at 60° 
apart. 

Field-magnets. Cores, circular, 9 inches in diameter; pole- 
pieces llJtby 10 inches ; exciting ampere-turns 8000 permagnet 
core. 

A still larger 8-pole dynamo, having output of 134 kilo- 
watts, is to be shown at the Crystal Palace. In this dynamo 
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the pole-pieces are bevelled off only at the edge of pole- 
surface where the conductors approach the pole. 

Brown's Dynamos. 

These excellent machines, made hitherto at the Oerlikon 
Machine Works, near Ziirich, are of several types. Of these^ 
illustrations are given in Flat«s IV., VIII., IX., and X, 

Pl^TE IV. Gfloio-lamp Dynamo, 28 kilowatt». — Output 
400 amperes at 70 volts; 38 HP. at 400 revolutions per 
minute. This machine resembles the " Manchester " type, 
but is even more massive, and is now made with drum 
instead of ring winding. The core-disks ai-e keyed to a 
long sleeve, and they are pierced to receive the copper con- 
ductors ; the perforations being 12 mm, in diameter, sunk 
1 mm. below the periphery. The titickness of the gap- 
space from iron to iron is tlius reduced to, 25 mm. Core- 
diijks, external diameter 51-4 cm., internal diameter 22 cm., 
thickness 0-6 mm. ; numberSTO, insulated with paper. Total 
sectional area of iron in armature 480 sq. cm. Number of 
conductoi-s around periphery, 80 ; commutator bars, 40 ; 
resistance of armature, brush to brush, 0-00525 ohm. Field- 
magnets, shunt wound with 2800 windings of wire, 3-2 mm. 
diameter ; resistance 6 ohms, with about 1 ohm extra in 
series for regulation at above speed and output. Conductors 
piissing tlirough holes in armature are round copper 9'2 mm. 
in diameter. The end^jonnectors are of strip copper In two- 
legged pieces bent into spiral shape. 

Plate VIII. Four-pole Itini/ Dynamo for Transmission 
of Pott'er, 170 kilowatt dynamo. — Output 270 amperes at 
625 volts ; 240 HP. at 500 revolutions per minute. These 
machines, of which two were shown in tlie Paris Exposition 
of 1889, stand nearly 8 feet high. They are ring-wound, 
with the windings external to tlie core-disks, as the construc- 
tion with conductor embedded in perforations is not suitable 
for machines exceeding 100 volts. Tlie cast-iron magnets 
are arranged radially, and are united by a very massive yoke 
ring, tlie lower half of which is cast in one piece with the 
frame and the supports for the bearings. Tlie armature ia 
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90 cm. in diameter, and 50 cm. deep. Core-disks, internal 
diameter 66 cm., external diameter 96 cm., tbickne^ 0-6 mm. 
in8ulat«d with paper ; net sectional area of iron in i-ing 660 
sq. cm. ; gap-space, iron to iron, 16 mm. ; winding (genera- 
tor) 400 tarns of cable containing 19 strands of 1-3 mm. wire, 
wound in one layer externally and two laj-era intenially;_ 
resistance, brush to brush, 0-025 ohm ; cross-connexions, 
none ; commutator 200 parts. Field-magnet coils in series 
with ftiTimture, and are each wound with 60 turns of 1 ram. 
copper sheet 80 em. in width. Weights are as follows : — 
Fiiuiie and magnet cores 11,600 kilos , armature imn 1430, 
armature copper 132, armature complete 2420, magnet cop- 
per 1870. Total weiglit of complete iniichine, 15,700 kilos, 
or nearly IG tous. At 500 revolutions per minute, it can be 
run at 250 IIP. continuously niglit and day. If run in day 
only the cuirent may be increased so as to work at 300 HP. 
Commercial efficiency at full load 93 — 94 per cent. 

Tlie machine used as motor, with Uie above generator, is 
nearly identical, the only differences being that there is 
slightly less iron in the armature, and there are only 364 
windings witli a 184-part commutator. Moditied in this 
way the speed is constant, though the loss in the line varies 
with the load. Experience, which has dictated this propoiv 
tion, leads, in tliis case, to the rule that for the motor the 
armature should he relatively less powerful, and the field- 
m^:net relatively more powerful than in a generator. 

AgBDeralview of this same machine is given in Plate IX., 
Fig.l. 

Plate X. Eigkt^ole Ring J)ynamo for Electro-metallur- 
ffieal Purposes. — For the use of the aluminium industry 
Mr. firown has produced 6-pole and 8-pole dynamos. That 
depicted in Plate X is a 300 HP. machine, working in the 
aluminium establishment at Neuhausen. It is fixed with 
its shaft vertical in continuation with the shaft of a vertical 
torlnne. After working continuously day and night, with 
an aver^fe output of 3000 amperes, the commutator remains 
polished, for the machine runs sparklessly. The mode of 
croBB-ofnmeotiiig each part of the ring winding to the two 
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points of the commutator 45° distant is accomplJslied by 
bent two-legged strips of coppei', as shown. 

Patersos and Cooper's Dynamo. 

The " Phoenix " dynamo, constinicted by Messrs. Paterson 
and Cooper; from the designs of Mr. W. B. Esson, has also a 
modified cylindrical ring ai-mature, built up of a number of 
very thin rings of Swedish iron aeparat«d from one another 
by paraffined paper and secui-ed to two spiders by three bolts 
passing through indentations in the core-rings as shown in 
Fig. 245, p. 848. 

There are no traverse gaps in the armature for venti- 
lation, as there is little heating in this armature. These 
Eia. 83L 



Phienix Dynamo (1887 Wroughtiron IVpe). 
machines originally liad a field-magnet with double magnetic 
circuit of forged iron and toothed core-rings, A Phcenix 
machine shown at the Antwerp Exhibition (of 65 units) gave 
872 watts per pound of copper, and 1'81 vol ts per yard of coil; 
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The latter machines have upright single horseshoe mag- 
nets, in some instances made of a single ivrought-iron forging 
slotted oat to form the two limbs, and bored, as shown in 
Fig. 331. The shaft is supported from two gun-metal 
bridge-pieces. There are generally no teeth on the armatui-e- 
cores, which are made of plain washers to avoid cost of mill- 
ing out the teeth. 

The following particulars of this machine have been 
furnished by the makers ; — 

The 25 kilowatt machine is designed for an output of 100 
amperes at 250 volts pressure, when driven at 700 revolutions 
per minute. The total weight is 3136 lbs. ; the useful output 
being 8 watts per pound of material. The external diameter 
of the armature core is 34-6 cm. ; internal diameter of armature 
core, 20 cm. ; length of armature core, 30 cm. ; cross-section of 
m^nets, SO cm. by 20 cm. ; nett sectional area of iron in arma- 
ture, allowing for insulation, 193 sq. em. ; sectional area of iron 
in field, allowing for rounded comers, 612-7 sq. cm, ; diameter 
of polar cavity, 37-5 cm. The armature is womid with 360 
turns of 3'75 mm. square wire in two layers. The field is 
shunt^wound, each limb containing 3540 turns of 1-55 mm, 
wire, and the total resistance is 83 ohms. The radiating sur- 
face of both magnet limbs is 7740 sq. cm,, and the energy used 
in exciting is 750 watts ; the ratio of the cooling surface 
being therefore 10- 3 sq, cm, per watt. 

From the above data we find that the total number of mag- 
netic lines that cross the armature is about 6,200,000, and that 
the useful induction through the armature is 16,000, and the 
induction through the field 10,100 lines per sq. cm. The per- 
ipheral speed of the armature core is 2530 feet per minute, and 
the total length of conductor wound on the armature is 11,200 
inches, being at the rate of 45 inches per volt in the external 
circuit. At a peripheral speed of 3000 feet (which is a fair 
average in modern belt-driven dynamos), 38 inches of arma- 
ture conductor would produce 1 volt. In larger machines for 
heavy output of current, the makers have for six or seven 
years past used a stranded cable as conductor for the arma-" 
ture. This construction, which nearly all makers now follow, 
obviates eddy-currents which would arise in solid bars. 
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Fig. 332 showB an alternative design, in which the field- 
magnets are cast in one piece. Tliis is not so powerful a 
machine for equal weight, but can be made of equal power as 
the wrought-iron machine at lower coat. In both machines 



Ph<£NIX Dynamo (1887 Type). 

there is no joint in the magnetic cii-cuit, and the magnet coils 
are wound upon special bobbins of sheet^iron flanged with 
brass, slipped on over the corea. Fig. 271, p. 376, shows the 
construction of the commutator, and the manner in which the 
segments are insulated and secured from flying out of place. 
On Plate V. are given the drawings of one of these ma- 
chines, giving 90 amperes at 105 volts at 1420 revolutions per 
minute. The constructional data of this dynamo and full 
calculations of the windings are given on p. 416 in the chap- 
ter on Designs. It will be noticed in this machine, which has 
cast-iron magneto, how small, relatively, is the section of iron 
in the armature. The same carcase, if wound differently, 



by Google 



Examplea of Modern Dynamos. 495 

with many turns of fine wire, would serve as an arc-Ught 
machine, the magnets being for this purpose more highly 
saturated and a relatively greater weight of copper wound 
upon them. 

In a large 4-pole Phcenix machine, cast-iron magnets are 
used, the armature core being formed by winding square iroD 
wire on a gun-metal flanged cylinder. 

The same makers have produced arc-light dynamos to 
yield 10 amperes at pressures varj-ing from 700 to 1500 volts. 
The following are the data of a seven-kilowatt arc-lighter, 
for 12 to 15 are lamps : — 

Armature core, 32-5 cm. external diameter, 229 cm, internal j 
axial length, 15 cm. ; wound with 1872 turns of wire 12 ram. 
in diameter, in 48 sections of 39 turns each in three layers. 
Armature resistance, 3-448 ohms. Field-magnet coils, 2, of 954 
turns each, in series ; their total resistance, 4 541 obma. The 
maximum induction in armature is 19,080, in fleld-magnet 
10,800 lines per sq. cm. 

" Makchesteb " Dynamo. 

The field-magnet of this well-designed machine is shown 
in Figs. 333 and 834. It resembles earlier foi-ms by McTighe 
and by Joel, but the wrought-iron cores are cylindrical and 
the cast-iron yokes very massive. It is constructed by 
Messro. Mather and Piatt, and was designed by. Dr. Edward 
Hopkiiison. The armature, designed by Dr. J. Hopkinson, 
F.R.S., and Dr. Edward Hopkinson, is a modified Gramme, 
with low resistance and careful ventilation. The collector is 
unusually substantial, and consists of 40 bars of toughened 
brass insulated with mica. It is usual in these machines so 
to shape the pole-pieces that there is a smaller clearance op- 
posite the highest and lowest points of the armature : this 
concentrates the magnetic field and helps to prevent its 
distortion by the armature cunent. In a 24-unit machine 
(designed for 300 lamps) of this pattern the armature cores 
are 12 inches long and 12 inches in diameter, with 120 turns 
of wire. The resistances are ; armature, 0'023 ohms ; shunt, 
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19-86 ohma ; series coil, 0-012 ohm. With a speed of 1050 
revolutions per minute the current was 220 amperes, the 



UatheA and Hopkinson's Dyhamo (End Elevation). 
Fia.384. 



Mather aud Hofklnson's Dynamo (Front Elevation). 

machine being nearly eelf-regulating for 111 volts; its 
efficiency is 90'9 per cent.' 

' Oue of these machines is very fuliy described In the paper by Dre. J. 
tad E. Uopkiusoa in the Phil. Trans, for 1S8U. 



by Google 



Exaviphs of Modern Dynamos. 



" Victoria " (Brush Co.'s) Dynaj-ios. 

The Brush Electricnl Engineering Co. has produced a 
dynamo of the flat-ring ty^w, under the patents of Schuckert, 
Mordey, Wynne, and Sellon, to which the not very apt name 
of the "Victoria" dynamo has heen given. Tliere are two 
types of this dynamo, one having four, the otlier six poles 
ari-aiiged I'ound the ring. The development of the Victoria 
machine from tlie original Schuckeit machine commenced, 
under the auspices of the electricians of the Brush Company, 
with the discoveiy \>y Mr. Moitley, by the aid of his method of 
examining the distribution of potentials i-ound collectors, that 
there was in the machine a point at a. consideniblc distance in 
front of each brush, having the same potential as the brush, 
and that the whole of the portions of the ai-matui-e between 
these equii)Ot«ntial points wereuaeless, or woree than useless, 
as tliey were occupied only in producing an opposing electro- 
motive-force. In some of the early Schuckert dynamos these 
useless portions occupied more tlian lialf of the armature. By 
reducing the size of the pole-piecea, space was found for a 
4-l>ole field, the effect of the change being that, from the 
same ling as employed by Schuckert with a 2-pole field, 
the electrical output was doubled, witliout increase ofspeed. 
Great attention has been given to the form of the pole-pieces. 
Tliese pole-pieces in the earlier Schuckert machines, con- 
sisted, as mentioned above, of hollow iron shoes or cases which 
occupied a large angular breadth along the circunifereuce 
of the ring. Similar hollow polar extensions were long used 
in tlie Giilcher machines. By long extended experiments 
Mr. Mordey arrived at a narrower form of pole-piece, not 
covering more than 80° of angular breadth of the circum- 
ference of the armature, wliich completely obviated tliese 
effects. Aa will be seen from Fig. 335, which repi-esents the 
4-pole Victoria dynamo as now constructed, the pole-pieces, 
though they embrace the ring through its whole depth, from 
external to internal periphery, are not quite so narrow. This 
has been rendered possible by changes in the proportions of 
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the dynamos, which have reduced the inductive effect of the 
armature. The pole-pieces are of cast iron shrunk upon the 
cylindrical cores of soft wrought iron which receive the coils. 
The armature of the Victoria dynamo has several times 

Fia. 385. 



Victoria (ScmrcKEHT-MoRDBT) Dynamo of Brush Electbio 



been modified, and its core is now made of almost square 
section. It is built up of charcoal iron tape, coiled upon a 
strong foundation ring, contiict between Buccesaive layers 
being pievented by coiling paper between. Special pains 
lun'e been taken tlirouglioub to ensure that there are no 
electric cireuits made in the bolting together of these cores ; 
each layer being insulated from the adjacent laj'Ci'S. Eddj'- 
cuiTeuts in the core ai'e thus almost entirely obviated. The 
foundation ring and some of the inner convolutions of tape are 
slotted out to receive the gun-metal arms, of wliich theifl are 
two sets clamped together, one on eitlier side. Fig. 336 
shows this eonstmotion and the method of securing the ring 
to the shaft by lock-nuts. Square wire is used for winding 
the armature coils, and as they do not covet the entire 
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external periphery of the armatum core, there is ample venti- 
lation. The winding is of one continuous wire, and the 
crossings are effected at the outer peripherj-. End-play is 
prevented hy the use at one end of a deeply-gi'ooved Babbitt- 
Fia. 3ST. 



Victoria Dynamo (EDd Vipw and Transveree Section). 

metjil thrust-hearing. Formerly, in a 4-pol8 machine, four 
brushes were necessary— as in the Giilclicr dynamo and the 
4-pole Gramme. Mr. Moidey, as mentioned above, reduced 
the numl)er to two, by the device of cross-connecting. Two 
brushes only are then necessary, and tliese are 90" apart. 

The Victoria dynamo is usually compound-wound, having 
all the eight magnet-cores wound with main-cireuit coils 
inside and shunt coil.s outside, the main-circuit coils being 
wound on slightly in excps-s of the amount necde<l to produce 
an exactly equal potential at all loiwls. In a " D^ " machine, 
wound for a potential of 60 volts, the following values 
were obtained: — 0|)en cireuit, r>8 volts; 10 amperes, 58-5 
volts; 20 amiteres, 59 volts; 60 amperes, 597 volts; 90 
amperes, 59'9 volts ; 120 amperes, 60 volts. It will be seea 
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that for small loads the potential drops a little ; but it is 
under these circumstances that the engine speed usually 
rises slightly in practice, so that the constancy of the 
|>otentiaI between the mains is sonitwliat better than the 
figures would show. In actual practice the regulation is 
perfect, because the over-compounding serves to compen- 
^te for the drop of volts in the mains. The author has 
opened the ciixiuit of a Victoria dynamo which at the time 
was feeding 101 lamps, 100 being at a distance, one lamp 
attached to the terminals of the machine. On detaching the 
main wire from the terminal, the 100 lamps were suddenly 
extinguished. The solitary lamp on the nmchine did not 
even wink, and there was no flash at the brushes. The 
sparking was so slight it was impossible to tell whether the 
machine was on open circuit or whether it was doing full 
work. The lead was the same underall loads. The machine 
depicted in Fig. 335 weighs 1904 lbs., and has an output 
of 18,000 watts at 1000 revolutions per minute. Such 
machines are now guaranteed under tender to run at a com- 
mercial efficiency of 92 per cent. 

A larger type of Victoria machine, having six poles 
alternately N. and S. set round the ring, has also been con- 
structed by the Brush Company. As each segment of the 
collector is connected ivith those situated at 120° and 240° 
distance round the set, only two brushes are required. A 
figure of this machine was given in the previous edition of 
this work. 

The advantage originally claimed for the flat-ring construc- 
tion, that it allows less of the total length of wire to remain 
" idle " on the inner side of the ring, is rather imaginary than 
real, for the total resistance of the armature is but a small 
fraction of the whole resistance of the circuit ; and it is possible 
to spread the field so as to make all parts of tlie wire active 
without any gain whatever, if by this spreading there is no 
increase on the whole in the total number of lines of force in 
the field. The real reasons in favour of multipolar fiat-ring 
armatures appear to be the following : — First, their excellent 
ventilation ; second, their freedom from liability to be injured 
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\fj the flying out of the coils at high speeds ; third, their low 
nsistance, due to the fact that the separate sections are cross- 
oonnected, either at the hnishes, or in the ring itself, in paral- 
lel- To these points may he added that, with an equal per- 
ipheral speed, the armature rotating l«tween four poles under- 
goes twice as much induction as when rotating between two 
poles, since it cuts the lines of force twice as many times in the 
former case as in the latter. 

GULCHER CO.'S DyTTAMO. 

In this machine as originally bronght out, the ring core 
consisted of a number of flat washers of aheet-iron clamped 
together, rotating in a 4-pol6 field, and furnished with four 
collecting brushes at the commutator. There were four 
hollow, box-like pole-pieces of iron, cast upon wrought-iron 
cores, embracing a considerable angular breadth. In recent 
years this machine has been greatly improved by the 
engipeei3 of tlie Giilcher Electric Lighting Company. They 
have followed the same line of progress as that pursued in the 
design of the Victoria dynamo. The lamination of the cores 
has been tangential instead of radial ; tlie field-magnets have 
been made more powerful ; the pole-pieces have been reduced 
in breadth ; and the number of tlie brushes has been reduced 
by cross-connexions in the armature to two. Fig. 338 $ho\V3 
an 8-]>ole type of machine, whicli has been lai^ely used by 
this company both for lighting and for electro-deposition. 
In this cut the armature is covered fi-om sight by guards of 
perforated metal. Tliese machines have been made in all 
sizes up to 32 units. 

The latest type of Giilcher dynamo is depicted in Figs. 339 
and 340. In Fig, 3.39 the lower half sliows a section in the 
vertical plane along the lino A B, whilst the upper half repre- 
sents a section in tlie oblique plane of the line A C, so as to 
show the true section of the polar portions. The drawings 
relate to a 4-pole 10-unit machine, designed to give 185 
amperes, at 65 volts, at a speed o£ 900 revolutions per 
minute. The dimensions and details of construction are as 
follows : The end-yoke frames and the pole-shoes are of ca^t 
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ii'on. The magnetxsores, 4 inches in diametei' and 5 inches 
long,are screwed into the pole-shoes, and their other ends are 
turned down and fitted with circular nut« so as to secure a 
large contactrsurfaee with the yokes. The armature is built 



up of lectangular charcoal iron wire wound upon a gun-metal 
pulley, forming a core of nearly square section. This is over- 
wound with ioBulatfid copper wire in 80 sections of four tuma 
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each, the wire being rectangular, -12 X -85 inch, lying in a 
single layer outside and in two layei's inside the ring, which 



when finished has a square 3-inch section and is 15 inches in 
diameter. The resistance is -025 ohm, and the weight of 
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copper is 18J lbs. The commutator has 80 segments of hard- 
drawn copper insulated with mica • 75 mm; thick, clamped 
together, with proper insulation, over a gun-metal sleeve. 
The requisite ci-oss-conuexions between the opposite bars of 




GOLCHEE Co,'3 Dybamo (End View). 

the cdmmutator are effected by a series of insulated copper 
rings, supported on a wooden sleeve placed between the anna- 
ture and the commutator. Eacli ring haa two lugs at opposite 
Btdes, these lugs being soldered to the wires that run fi-ora the 
ring windings to oppositely situated bars of the commutator. 
This machine is compound-wound, tlie windings being as 
follows : — Shunt coils of wii'e • 075 inch diameter, 8 layers of 
44, tuTDB £ach in each coil ; total weight of the 8 shunt coils, 
77 lbs.; total resistance joined in series, 7 ■ 805 ohms. Seriei 
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ooils of rectangular wire, -13 x * 26 inch, in 2 layers of 14 tuma 
each on each core ; total weight of 8 series coils, S8 lbs. ; to^ 
joint resistance of series coils, ■ 005 ohm. 



Rankdj Kexnedy'8 Dynamos. 

This inventor has given the name of iron-clad to those 
forms of dynamo in which the field-magnets enclose the 
exciting coils.^ One of these forms of field-magnet, whicli is 
discussed on p. 200, has four poles, two of them beiug salient 
poles protruding directly tlirough the exciting coiU on either 
side of the armature, the other two poles being consequent 
poles formed at the middle-points of the upper and lower 
portions of the iron framework, which here are bored away to 
form polar surfaces. Another form * of Kennedy's, having one 
coil only, resembles Fig. 121. 

SiEMiiNs' Dynamos. 

These originated with Messrs. Siemens and Halske of 
Berlin, who have manufactured many different forms. In 
recent yeai-s tliere has been some divergence between the 
types followed in Berlin and those produced by the London 
firm of Siemens Bros. Until the last year or two the charac- 
teristic feature in all forms was the drum armature ; but the 
largest machines are now made with rings. In some of the 
earlier patterns of Siemens' machines tlie cores of the drum 
were of wood, over-spun with iron wire circumferentially 
before receiving the longitudinal windings. In another of 
their machines there was a stationary iron core, outeide which 
tlie hollow drum revolved ; in other machines, again, there 
was no iron in the armature beyond the driving-spindle. In 
all the modem drums iron core-disks are now used. The 
various modes of winding are described la Chapter XIII. 

' An earlier type ot " Iron-clod" djmaino by th« same fuTentor U d^ 
fcrihed in Induatriei, i. 137, 1886. 

■ See data given b; Jamleson in 1880 to Initltutlon of Engineers «lld 
BUp-bnllden In Scotland, prinWd in The Mectrician, Much 1, 188% 
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pp. 361 to 364, aud their tlieoiy on pp. 318 to 326. The old 
homoutal pattem-of Siemens' dynamo is depicted in Fig. 8, 
p. 16. This WHS followed about 1880 by the vertical form 
shown ill Fig. 341. The field-magnets liere consist of foiged 

I 
FIO. 841. 



Siemens' Dynamo (Vertical Pattera). 
arched bars of wrought iron, with double magnetic circuit, 
having consequent poles right and left of the aimature. The 
coils are wound on flat brass frames slipped over the cores. 
In some of the machines provision ia made for ventilation by 
leaving an air-space between tiie brass frames and the cores. 
About 1882 various ways of compound-winding were tried,* 

* See series of papers In tbo EleklroteclmUche Zeitaehrtft, March-June, 
1885,brDr. 0. FrSUcli. 
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in some of which the series and sliunt-coils were wound on 
tlie same cores, and in others on different limbs, the usual 
practice being to wind the series coils outside the shunt 
windings. 

Some very lai^e machines of the vertical pattern, but 
with many impi-ovements in detail, including three 112-unit 
com pound- wound dynamos, "B 13" [>attern, were used at 
the Inventions Exhibition o£ 1885. Each of these was 
capable o£ yielding 450 amperes at a potential of 250 volts, 
making an output of 112,500 watts, when running at 300 
revolutions per minute only. The ai-matureti were wound 
with flat strip-copper. 

In 1886 JMessre. Siemens and Halshe, after trying some 
intermediate forms (depicted on pp. 159 and 160 of the second 
edition of this book), adopted the over-type depicted in Fig. 
342. The field-magnet of tliis machine consists of a single 
very massive casting, over which the exciting coils are slipped. 

Fio. 343. 



Siemens' Dynamo (Berlin type of 1886). 

The commutators of these machines are massive, and consist 
of iron bars attached by screws at one end only so as to be 
replaceable, and insulated by air-gajwj. The brushes are 
adjustable ; and they are trimmed with broad oblique ends 
so as to touch at least two collector-bars at once. T!ie form 
of brush-holder used in all Siemens' and Halske's dynamos is 
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abowti in Fig. 279, p. 385, Dynamoa of this type are made 
for outputs fiom IJ to 80 kilowatts, the largest having a 
periplieral speed of 14 metera per second. 

Tlie London firm has constructed much larger drum 
machines for central-station lighting, mainly of the under- 
type. Fig. 843 represents one of these machines, compouad- 
Fio. 848. 



1' Vtsamo (London type of 18B0). 
wound, with the series winding on one limb only. At the 
Naval Exhibition of 1891 were shown three fine dynamos of 
180 kilowatts each, at the slow speed of 350 involutions per 
minute. The armature is 24 inches in diameter, 3€ inches 
long, and weighs 24 tons ; and the entire dynamo weiglis 
13-6 tons. The armature conductors are stranded bars ; the 
commutator of hiii-d-drawn copper, insulated with mica, with 
144 segments, 9 inches long, with three pairs of brushes to 
collect the 1500 amperes. The rocker is provided with 
worm-wheel to adjust tlie proper lead. There are two inde- 
pendent circuits of 72 turns each, which are put in parallel 
with one another by the brushes, which are made broad enough 
to overlap three consecutive bars of the commutator. 

Towards the end of 1886 a foi-m of multipolar ring 
machine, with ring external to the field-magnets, was brought 
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out almost simultaneously by Messrs. Ganz of Buda-Pesth, 
Messi-s. Fein of Stuttgart, and by Messrs. Siemens and 
Halske of Berlin.' It will be sufficient to describe the 
machines of the latter firm. 

The fieltl-magnet, a£ shown in Figs. 344, 345, is stationary 
and internal to the ring. In tbe aniall machines this consists 
of a suljstantial cross-shapetl mass of cast iron, through the 
centre of which passes tlje driving-shaft. The four poles, 
after receiving the exciting coils, are furnished with polar 
ex^mnsions, which approach close to the inside of tlie ring. 
The ring itself is made up of tliin iron washei's bolted 
together, and supported on one side by a brass spider keyed 
to the sliaft. A macliine of this tj-pe, weighing 2660 lbs., 
with an output of 25,000 watts at 480 revolutions per minute, 
hail a ring of 20 cm. broad and of 64 cm. internal diameter. 
The advantages of this type are the ease of repair, tlie 
immense cooling surface of the armature, and the non- 
necessity of applying binding-wires. In the first of these 
machines the commutator was hollow and consisted of stout 
bai-s of iran, with air insulation. In the larger maclunes 
there is no seimrate commutator, the brushes being applied 
against tbe exterior of the ring itself. 

Large ring machines of this type have been supplied to 
the principal central stations * in Berlin and other cities in 
Germany. In Plate XI. are given drawings of some of these 
machines, the largest hitherto made, from the station at 
Spandauerstrasse, Berlin, the scale being 1 ; 80. The dynamos 
are mounted in pairs on the ends of the main shaft of an 
enormous compound condensing-engine of marine type, by 
Kerchove & Co. of Ghent, having 5 feet 5 inches stroke, the 
diameters of the cylinders being respectively 2 feet 6 inches 

1 For fanher inrormation about the various machines of this type Wft 
XlektTotecbniache Zeltur.hrift for April nod May, 18S7; La Lumiere 
Eleetrique, xilv, J82, 1887; Cenlralbtatt/ar Elektrotechnik, ix. 186, 410, 
and 681, 1SS7. 

» See Dfe Berliner ElektrieltaU-Werke, by Arthur Wllke, Berlin, 1881; 
also articles In Bleklrotechnitche Zuituchrift, x. 479, B6S, 188B; li. 63, 
1890; La Lamiere Electrique, xxxvl. 441, 1890; and Electrical Worl4r 
ztII. 14, 1891. 
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and 4 feet 5 inches, giving 1180 indicated HP., or 1000 actual 
HP., at 75 revolutions per minute. Each dynamo is capable 



of giving 2000 amperes at 140 volts, at only 60 revolutions 
per minute. The field-magnet has 10 salient poles, with 



by Google 



512 Dynamo-Electric Machinery. 

rectangular cores fixed to an nnnukr yoke-ring, which ia 
carried in a IT-abaped support on the hearing. It ia shown 
in section on the right-hand end of Fig. 1, Plate XI. The 
exciting coils are all joined together in series, and connected 
in shunt to tlie annature. The armature is built of core 
rings mounted on insulated aims, which project from a bronze 
stai^whee!, tlius overlianging tlie iield-niagnet. Fig. 256, 
p. 360, sliows the detail of coiiatmction. The winding, as 
that figure shows, consists exteriorly of straight copper bars, 
united by other pieces of bent fonn which pass through the 
inside of the ring from the end of one straight bar to Uie 
beginning of the next, thus constituting a spiral and endless 
winding. The collecting brushes ti-ail against the exterior 
bars, as shown in the perspective view, Plate XI., Fig. 3. The 
external diameter of the annature, which tlms serves as com- 
mutator, ia 9 feet. The brush-holders e in Fig. 1, Plate XI., 
are mounted on a stellate rocker g, by wliieli tliey can all be 
simultaneously shifted forward or back by the toothed gear 
shown in Fig. 3, Phite XI. The brushes can also be all 
raised simultaneously out of contiict by a lever /, united by 
connecting rods to anotlier star-piece, Tlieir constrHCtion is 
that shown in Fig, 279, p. 385. At the Spandauerstiasse 
station are four such engines of 1000 nominal HP., each 
driving two dynamos, supplying in total 40,000 to 50,000 
lamps. At the Markgrafenstrasse station are four single 
steam dynamos of 400 HP. each. At the Mauei-strasse 
station are three double steam dynamos of 1000 HP., and 
two single of 400 HP. each. At the new Schiffbaudamm 
station are six double steam dynamos of 1000 HP. each. 

At the Fiankfort Exhihitioii of 1891 a similar dynamo was 
shown^ direct-driven from a triple condensing engine by Kuhn 
of Stuttgart, of- 300 kilowatt capacity, giving 2200 amperes 
. at 150 volts at 65 revolutions per minute. The magnet of 
this dynamo had 10 poles, being 272 cm. in diameter. 
The external diameter of the ring was 310 cm., wound with 
810 convolutions, each bar being about 1 em. wide, with 
paper insulation. There were 10 sets of brushes, three in 
1 See description by Esson In ElectHcal Retitte, ixix. 842, 1891. 
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each set, eacli brush being 4'5 cm. wide, of rectangular 
copper wire. The star-piece cariTing the overhung anna- 
tui-e was of c&st-iron witli 30 arms, sup[>ortiiig the core- 
disks by means of SO insulated steel bolts. To collect the 
currents the live positive brush-seta are united together, and 
the Ave negatives are also connected together ; the currents 
being conveyed to the mains by flexible cables. At a speed 
of 100 revolutions per minute this mitchine reaches an out- 
put of 600 kilowatts. 

Edison Dynamos. 

In 1879, after proposing a utmnge sort of machine as 
generator, in which inductive coils were waved to and fro at 
tlie end of the pronga of a gigantic tuning-fork, ilr. Edison, 
with the assistance of Mr. Upton, designed tlie machine 
which is depicted in Fig. 346. It has a drum armature 
rotating between heavy pole-pieces excited by a very long 
rui^net witli tall columnar limbs. The "Z" pattern of 
machine was capable of lighting 30 Edison lamps. In the 
Editwn armatm-es the number of sections of the winding is 
an odd number. 

In tlie first machines there were seven paths, na shown in 
Fig. 208 (p. 319), taken from Edison's British Patent Specifi- 
cation. In his large " steam dynamo " of 1881 the number 
of sections was 49. One consequence of this peculiarity of 
structure is, tliat if tlie bi'ushes are set diametrically opposite 
to one another, one will touch the middle of a bar of the 
collector at the instant when the other slides from bar to bar. 
In Edison's larger dynamos the arniature is nia<lc of bara of 
copper. The mode of connecting the ends by means of 
copper washera is described on p. 365, For latter machines 
two or three tall field-magnets like Fig. 346. were assembled 
side by side, over an armature of double or triple length. 
An Edison 60-Ught " Z " machine of the older pittem, tested 
by tlie Committee of the Munich Exhibition, was found to 
give an efficiency, which, if measured by the ratio of ex- 
ternal electric work to total electric work, exceeded 87 per 
cent ; but its commercial eflSciency — the ratio of external 
33 
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electric work to mechanical energy imparted at the belt- 
was only, at the most, 58-7 per cent. Thia was due to the 
production of wasteful eddy-currents in the bolts whichheld 
together the armature and other masses of metal. The 
"Jumbo" steam dynamos were even less efficient, and re- 



Edison Dysamo, ".Z" Pattern (1881). 

quired a 4 IIP. fan to he attvclied to tlie ai-mature sliaft to 
keep them cool by a forced diimght of air. 

Dr. J. Hopkinsoii'a efft>its to imjH-ove tliis macliine re- 
sulted, ivA detailed below, in a better design. 

The field-magnets of all the larger machines turned out 
by Edison prior to 1884 had a number of long iron columns 
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as cores to receive the coik. Since that date the more com* 
pact ariTingement of a single mi^netic circuit with short stout 
magnets has been adopted by t)ie Edison companies on both 
sides of the Atlantic. Tlie usual form (type of 1888,) of 
Edison dynamo, as used in the States, is depicted in Fig. 347. 
Fig. 847. 



Edison Dynamo (1888 Type). 

The field-magnets are of oust iron, with a massiTe yoke, and 
stand upon a high footstep of zinc to diminish magnetio 
leakage through the bed-plate. These machines are shunt- 
wound, and are intended for incandescent lighting work. 
The bearings are longer anij the mechanical arrangements la 
every way superior to tliose of the older machines. 

At tlie Paris Exhibition of 1889 were a number of dynamos 
built by the Edison Machine Company, of Schenectady, 
ranging from a small 2i kilowatt machine. 15 inches high, 
to one of 150 kilowatts, 102 inches liigli. Figs. 1 to 4, Plate 
YII., depict two of these machines. Figs. 1 and 2 are draw- 
ings of the lai;gest macliine. This dynamo is capable of 
supplying 1250 amperes at 140 volts, when running at 250 
revolutions per minute. It has a 41-pai't commutator and an 
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82-bar armature. Tliere are six brushes in each set, each 
1'88 indies wide and about 0-62 inch thick. Its weight is 
12i tons. 

Some particulars published in 1890 by M. Minet ^ coht 
cerning some of these dynamos show that the s^^eeds vary 
from 2000 revolutions per minute in the 2i kilowatt machine 
up to 800 in a 45 kilowatt machine. The periphei-al speeds 
varied from 12-5 to 14 metres per second. Mean value of B 
in gap apace from 3200 to 4100. The gross efficiency of the 
larger machines was about 95-6 [>er cent. ; the electrical 
efficiency 93-8 ; tlie net efficiency al)out 89-7 per cent. 

Since returning from Europe in 1889 Mi. Edisou has de- 
signed some larger multipolar dynamos directhdriven from 
vertical triple-exiwinsion engines. Plate XIII.* shows two 
100 kilowatt dynamos fixed at the ends of the crank-shaft, 
precisely as with the larger Berlin dynamos. The engine is 
of 300 HP. at 176 revolutions per minute. The field-mag- 
neta are external, with eight consequent poles ; and the 
armature ia ring-wound. The conductors are made up of 
straight pieces on one face of the ring joined by U-flhaped 
pieces into a continuous winding. The straiglit pieces serve 
also as commutator against whicli the eight sets of brushes 
press. There are 944 convolutions ; and as alternate sets of 
brushes are connected together, there are really eight rows 
of 116 turns each in parallel. Each dynamo gives 666 
amperes at loO volts. The ai-matui-e resistance is 0-006 ohm ; 
that of the field-coils 8-4.5 ohms. 

A smaller size of machine of the same type is shown in 
Figs. 348, 349, each of the two dynamos being of 75 kilo- 
watts capacity. The new central station in New York will 
be equipjmd with 14 such machines, each with two 400 
kilowatt dynamos. It will therefore be like the European 
kind of central station, and quite unlike the usual American 
central station, in which the mast conspicuous feature i» 
leather, a large number of small dynamos being driven by 
belts from countershafts. 

> La Lumn-re Elti-trlquf, txxv. 401, 1890. 

» Koe Eh-r.lririil Eagintfr (>'. Y.), Jtl. 4S1), 1891 ; by the courtesy of the 
editors of n-bicb Journal tlie use of Plate XIII. is permitted. 



lA^iOOglc 



Examples of Modern Dynamos. 517 



I , 



b, Google 



618 Dynamo-Electric Machinery. 

Edison-Hopkinson Dynamos. 
The Edison dynamo has received veiy material improve- 
tnents at the hands of Dr. John Hopkinson. Some of these 
improvements relate to the field-magnet; othera to the arma- 
ture. Dr. Hopkinson, in the first place, abolished the use of 
the multiple field-magnets, which in Edison's original "L," 
*' K," and " E " machines wei-e united to common pole- 
pieces ; and instead of using two, three, or more round pil- 
lars of iron, each separately wound, he puts an equal mass of 
iron into one single solid piece of much greater area of ci'oss- 
section and somewhat shorter length. One such iron mass, 
usu»lly oblong in cross-section, is attaclied solidly to each 
pole-piece, and the two are united at the top by a still 
heavier yoke of iron. Tlie machines have, consequently, 
a more Hquat and compact appearance than before (Figs. 
351 and 852). Dr. Hopkinson also inti-oduced the improve- 
ment of winding the magnete with a copper wire of square 
section, wrapped in insulating tape. This wire packs more 
closely i-ound the iron cores than an ordinary round wire. In 
the armature the following eliange has been made : — The 
iron core in the older Edison machines was made of thin iron 
disks, sepai'ated by paper, slipped on over a sleeve of liffnum 
vitce, and held together by six longitudinal bolts passing 
through holes in the core plates, and secured by nuts to end- 
plates. The.se Iwlts are now removed, and the iron plates 
are held together by great wjishers, running upon screws cut 
on the axle of the armature. The size of the central liole in 
the plates has Iwen diminished, tlius getting into the interior 
more iron, and pi-oviding a greater cross-section for the mag- 
netic induction. By these improvements, a machine occupy- 
ing the same gi-ound space, and of about the same weight as 
one of the older " L " 150-light machines, was made capable 
of supplying 250 lights, tlie economic coefficient being at the 
same time higher. In the new 250-light machine, the 
diameter of the armature is 10 inclies, its resistance (cold) is 
0-02 ohm ; that of the magnets is 17 ohms. The magnetiza- 
tion curve of the machine shows tliat even when doing full 
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duty, the field-magnets are far from being saturated. It will 
be remarked that, in the older construction, the bolts nnd their 
attached end-plates furnished a circuit in which idle currents 
were constantly running wastefuUy round, with consequent 
heating and loss. 

A remarkably complete account of one of these dynamos, 
constructed by Messrs. Mather and Piatt, was published in 
1886.* As this machine is often referred to in the theoreti- 
cal chapters of thb book, a detailed account of it is important. 
Ite design may be gathered from Figs. 860, 351, and S52. 

The machine described ia intended for a normal output of 320 
amperes at a pressure of 105 volts, running at 750 revolutions 
per minute. The field-magnet consists of two limbs connected 
by a yoke of rectangular section. Each limb, together with 
its pole-piece, is formed of a single foi^ng. The wrought 
iron used for these and the yoke is of annealed liammered 
scrap; the mi^netic properties being thosedescribed in Chapter 
VI. The section of the limbs is nearly rectangular, with 
rounded coi'nei'S. The yoke is bolted to the limbs, the jointe 
being well surfaced. The bed-plate is of iron, a zinc base 12-7 
era. high being interposed. The armature core is built up of 
about 1000 thin plates of soft wrought iron, insulated from the 
shaft, and separated by paper from one another. They are 
held between two end-plates, one of which is secured by a 
washer shrunk on the shaft, and the other by a screw-nut and 
lock-nut. 

Tlie followiof^ are the dimensions of the iron parte : — Diameter of 
anoatnre core, 25-4 cm. ; of internal hole, 762 cm. ; of sliaft, 6-98 cm. ; 
length of core, 50'8 cm. Length of field-magnet limb, 45'7 cm, ; 
breadth, 221 cm. ; wiAth (parallel to sliaft), 44-46 cm. Length of yoke, 
eie cm. ; width, 48-3 cm. ; depth. SSS cm. Diameter of bore of field- 
magDels, 2T'5 cm. ; depth of pole-piece, 25'4 cm. ; width (parallel to 
shaft), 48-8 cm. ; width between pole-pieces, 13-7 cm. Area of section 
of iron in armature core, 810 sq. cm. Angle subtended by bored face of 
pole-pieces, 129°. Actual area of pole-piece, 1513 sq. cm. ; effective 

' See paperon Dynamo-electric Macliineri/, by Drs. J. and E. Hopklnson, 
In the Philosophical TrananctioM for 1880, I'art I. This most valuable 
paper was reprinted, but without the plates, in the Electrical lieeiew, xvHl. 
1880. It was also printed in the Electrician, xvlli. 3», 63, 8(I,Bnd ITii, in 
Issues of Nov, lOth and 20th, and Dec. 3rd and 31al, ISSO, where the figures 
of the plates are printed in the text. 
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areft, 1600 sq. cm. Thickness of gap-space, 15 cm. Area of section of 
limbs, 980 eq. cm. ; ditto of yoke, 1120 sq. cm. 

The windings are aa (<rflow :— Magnetizing coils, 11 layers on each 
limb of copper wire. S'418 mm. diameter. Total convolutions, 8200; 
total length, 4S70 metree. Armature, 40 convolutions in two layers of 
SO convolutions of stranded copper wire, consisting of 10 strands of 
wire l-75amm. diameter. Hesistance<at IS-S" C.) : fleld-magnet, 18-98 
ohms ; armature, O-OOOM:? ohm. Normal magnetizing current, 
amperes. Commutator, 40 copper bars insulated with mica. 

Recent t«stB with Edison- Hopkinson dynamos constructed 
by Messrs. Mather and Piatt, of Manchester, show that tliey 
have an economic coefficient of over 95 per cent., and an 
actual commercial efficiency of over 93 per cent. These 
machines have usually from two to five separate brushes at 
either side, capable of separate removal, so tliat they may be 
bimmed without stopping the machine. In order to bring 
the neutral points of the commutator to convenient positions 
right and left, the connecting pieces which Join the commu- 
tator bars to the armature windings are carried spirally 
through about 90*. The makers of these machines have 
modified in detail the winding of the armatures,^ enabling 
them to use copper bat's instead of stranded wire. They 
shape the pole-pieces to diminish distortion of field, and con- 
nect the armature bars across the ends of the armature by 
spiral connectors in two layers, like those used in Siemens' 
electroplating dynamos. 

Figs. 358 and 354 depict the large 225 kilowatt dynamos 
built by Messrs. Mather and Piatt for the South London 
Electric Railway. They are further shown in Plate XX, 
They have a masimura output of 450 amperes at 600 volts 
when running at 500 revolutions per minute. The limbs and 
yoke are of wrought iron, the polar masses of cast iron. The 
armature conductors are copper bars, and the resistance from 
brush to brtish is 0-017 ohm. That of the shunt coil is 96 
ohms, of the series coil 0-015 ohm. The compound winding 
is not, however, of much service for such rapidly varying 
loads as occur in railway work, for with such massive magnets 

■ See IndiutrieM, iL 5U, 1687 \ and Specification of Patent, 4884 of 1866. 
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changes of magnetism cannot take place rapidly enough. 
The weight of magnets and pole-pieces is 8-6 tons, that of 
the j'oke 3-05 tons, of the armature 2-85 tons ; whilst each 
complete macliine with its bed-plate weighs 17 tons. 

Some efficiency tests of a 53 kilowatt compound-wound 
Edison- Hopkinson dynamo directxiriven at 430 revolutions 
per minute by a Willans' engine have been published.^ 
Indicated horse-power absorbed 85-3 ; output 475 amperes at 
110 volts, or 52-2 kilowatts, or 70-0 horse-power ; making a 
net efficiency of 83'3 per cent. The electrical efficiency was 
actually 96 per cent., the electrical losses being only 3 per 
cent., whilst 10 per cent, was lost in friction in engine and 
dynamo. 

Schuckert's Dykamos. 
The armature of the original Schuckert machine was a flat 
ring, the core of which was built up of a number of thin ii-on 
disks. Tlie winding was identical with that of a Gramme 
machine, and the field-magnets resembled, in genenil, tliose of 
the typical Gramme. The ring was almost entirely enclosed 
between wide pole-pieces, each of which covered nearly half 
the ring. The ordinaiy patt«m of machine is shown in 
Fig. 355, which shows how the frame admits of removing the 
armature. In recent years Messrs. Schuckert and Co. (of 
Niimherg) have brought out many modilied types of ma- 
chines, but all having the flat-ring armature. Tlie cores are 
now made of iron tape insulated with paper, coiled upon a 
brass foundation ring. Only the small sizes are made with 
two poles, all above 12 kilowatts being multipolar. As is the 
case with most German dynamos, the field-magnets are of 
cast-iron, the commutntor bars are insulated with paper, and 
the wires secured to them by screws. At the Trankfort 
Exhilution of 1891 a large number of these machines were 
shown,* tlie finest of them being a laige direct-driven multi- 
polar of a certain capacity of 230 kilowatts, giving lOOO 
amperes at 280 watts, and taking 320 HP. at 160 revolutions 

• The Electrician, xiv. 107, 1890. 

■ S«e article by Ewon In £I«<;trlca[ Bettew, xzix. 030,1881. 
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per minute. Tliis mncliliie, Plate XII., stands aljout 8 feet 
iibove the ground, into wliicli it sinks nearly 3 feet. The 
extei-nal diameter of the ring is 240 cm., wound ^vith 1120 
turns of braided stranded wire : the ci-oss-section of iron in it 



Scm:cKERT'9 Dynamo, with Flat^edjo Armature. 

being 680 sq, cm. The commutator is 150 em. in diameter 
witli 500 segments, ci'oss-connected, so as to reduce the num* 
ber of brushes. Tlie resistance of the armature is 0006 olim ; 
tliat of the magnet winding 7-4 ohniB. Theie are 14 poles, 
and the armature winding ia grouped in 14 rows of 80 turns 
eacti, all in parallel. The magnet poles project inwards from 
an external cast-iron case, divided horizontally. A tlnnist- 
bearing is provided to limit end-play, and this ia carried on an 
outer bracket. There are four brush-holders, two jwsitive 
and two neg.itive, each carrying three bnishea, each 5 cm. in 
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width, mnkiiig a total width of 30 cm. for collecting 1000 
amperes. A still larger machine with 16 poles is at work 
in the ceiitrtil station at Diisseldoi-f. 

Goolden's Dynamos. 

Excellent dynamos have long been manufactui'ed by the 
firm of \V. T. Goolden& Co. The calculation of their design 
by Mr. Kavenshaw has already been alluded to : their swivel 



GooLDBK Dtkauo akd Willans' Enoine. 

bearings were noted on p. 394, their sci-ew-fed brushes on 
p. 384, and their driving-horns of fibre on p. 355. In their 
larger dynamos bar armatures are employed, having rectan- 
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gulftr conductors built up of laminated or twisted copper strip, 
lightly oiled. The sninUer are wound with round wire, silk 
covered. In Fig. SSS is illuatrated a Gl kilowatt Gooldea 
dynamo of the over-t3'pe, direct-ilriven at 460 revolutions per 
minute from a. Willana' engine, so frequently used in central 
stations in England. The niiignet limhs and poie-pieces are 
of wrought iron. The pole faces are bored elliptically, bo as 
to leave greater air-epace below armature than above, and 
countei'act magnetic pull. The core-disks are of charcoal iron 
clamped upon a gun-metal spider. The conductor bars are 
driven by 80 — 100 fibre horns inserted in key-ways iu the 
periphery of the core : they are united at ends by connectors 
made of spiral stamped plates of copper. At one end the 
bars are made fast to the segments of the commutator ; at 
the other they are supported by an insulated brass ring, which 
allows them to expand longitudinally when they warm up. 
The commutator is of hard-drawn copper and mica, built up 
on a separate sleeve keyed to the shaft. The following tests 
were made of one of these combined plants, running at 
500 revolutions t^v minute, showing tlie location of the 
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Holmes' Dynamos. 
Messrs. J. H. Holmes & Co., of Newcaatle-on-Tyne, have 
introduced a compact and well-built form of Gramme 
machine,- depicted in Fig. 357. It is known as the " Caatle " 
dynamo ; its yoke and pole-piece are of cast iron, boi-ed to 
receive tlie cylindrical upright wroughtriron cores. The ring 
Fia. 857. 



Holmes' Dynamo, 
armature coi^ is mivde up of thin plates of charcoal iron. 
Tlie commutator l>:ir3 are foi-ced together by hydraulic pres- 
sure before being clamped up. Messrs. Holmes have applied 
themselves very successfully to the problem of obtaining a 
constant output from a dj-nanio when driven at variable 
speeds.' The case in which this arises is in the lighting of 

' For Tsrlons solutlona of this problem see following Speciflcailons of 
' Pat«nls: 842 of 1889(iiiordej): 3420 of 1880 (Sayers) : and 20,244 of 1889 
(Holmes). Also P. Hoho; In BuU. de la Soc. Bel'je d' Electricians, 
Marcli, ISRO. 
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railway trains by dynamos driven from the ancles of one of 
the carriages. Tliis they accomplished by a special combina- 
tion of two dynamos, together with certain automatic switches. 
The larger dynamo is wound with two circuits upon the field- 
magnets, and ite shaft is coupled to a smaller dynamo, the 
function of which is to send a demagnetizing current around 
the second circuit of the larger dynamo, so that as the speed 
rises its magnetism falls nearly in proportion. By this means 
the voltage is kept nearly constant, though the speed of the 
train may varj' from 30 to 70 miles per hour. 



Laukence, Pabis, and Scott's DyNAMoa. 

In the modem machines by this finn the magnets ai-e of the 
tj'pe Fig. 120, No. 8, with consequent poles, but more com- 
pact, and with deep nicks between the right and left-hand 
halves to diminish cross-magnetization. The armature con- 
ductors are bedded in deep naiTow slots between iron teeth in 
the core disks, which are threaded upon a hexagonal steel 
shaft. When compound-wound the series coil are usually 
wound first! and on the upper core-limbs only. For large 
machines the series coils are of slieet copper, insulated with 
strips of calico. The following data relate to a " C 6 " dyn- 
amo wound for 120 amperes at 100 volts, at 710 revolutions , 
per minute. The same machine with shui^t winding only 
would serve for charging accuniulatore with 60 amperes at 
130 volts, at 910 revolutions per minute. 

There are 52 sections in the commutator, and two com- 
plete turns of conductor between each section. The sectional 
area of the iron in the armature core is 29-7. Sectional area 
of magnet cast iron 98 square inch. The magnetic density 
when given 100 volts at 710 revolutions is nearly 138,000 
lines per square inch. Tlie armature conductor is of braided 
wire, and is extremely well insulated between inside and 
outside windings, and from the iron core. 

Ampere turns in shunt 6468. 

Ampere turns in series coils 3360. 
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The series winding consists of 28 turns of sheet copper -ii 
inches wide, '025 thick, on encli of top magnets. 

The current density in armature conductor is 3210 ampei-es 
per square inch, with 120 &niperes 

R«aiBtance of Bbunt coils 83-4 ohms watta lost with 100 volte. . 808 
, , Beried coils 00124 , , , , , , 120 amps. . 178 

,, armaturecoilsO'045oliinB watts loatwithlSOampe. . 048 



Total watte 1)1.134 

showing an electrical efficiency of 91'4 per cent. 
"Tyhe" Dynamos. 

These machines, constructed by Messrs. Ernest Scott & 
Co., from the designs of Mr. Mountain, have mostly four 
consequent poles and a cross-connected armature. The 
arrangements of commutator, bruyh-holders, and rocker are 
of great excellence, and are depicted on Plate XV. The 
mode of holding together the commutator ie deigned to 
prevent creeping of oil into its interstices. 
Lahmetee's Dynamo. 

Tljis machine,^ the magnets of which belong to the iron- 
clad type, is depicted in Fig. 358, It has been submitted to 
elabonite testa by Piofessor W. Kohlrausch. Tlie machine, 
weighing 597 kilogrammes, gave 60 aniperesat65 volts, with 
a speed of 1250 revolutions per minute. The current density 
in the armature was 8-3 amperes per square millimetre of 
copper in section. The commercial efficiency was over 80 per 
cent. Tliough tlie field-magneto of cast iron were magnetized 
up to only 86 per cent, of their maximum, the armature 
cniTentshowed veiy little demagnetizing tendency. Accord- 
ing to the inventor the waste magnetic field is less than 8 
per cent, of the total field generated. The armature is 
wound on a plan suggested by Arnold of Riga, and indepen- 
dently suggested by Crompton, namely, the conductors are 
> S«e Centralblallfiir Elfktmtechnik, \x. 11 and 411, ISST ; also Elektro- 
ltehitl»eht ZeU»ehrf/t, is. 8U, 1888. 
84 
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wonnd between teeth in the periphery of the core, after which 
the whole exterior of the aiiiiLitui-e is sei'ved with a thin layer 
of insulating material, and over this a layer of iron wires is 
wound. More recently Herr Lahmeyer has constructed ia 
Fi'ankfort ' multipolar dynaiuoii of kindred type. 



Lahheiee's Dmuto. 



" Leeds " Dysamo. 



This machine (Fi^. 3r>9). made hy Greenwood and Batley 
of Leeds, l>el<ingH (o a type of machine with one exciting coil 
originated by lliii atitlmr (aee Fig. 121, p. 200) in 188S. 
Simitar designs hiive K-en used by Messi-s. (Joolden & Co., 
Messrs. Immisciu and i^Ir. R. Kennedy. The magnetx^ore is 
of soft wrouglit iren, the polar limlw — llio lower one of which 
is in one piece with the bed-plate — ai-e of annealed cast ii-on. 
The ai-malnre is ring-wound in a single layei-, and is provided 
with a comniutiitor of niiusuiil length. Tlie following are the 
dimensions of " Leeds " dynamos supplied to the Cadogan 
lighting station at Chelsea : — 

3.T kilowatt dynamo: Output, 70 ami>eres at 500 volts, 30 
IIP., at Sill) revolutions per minute. Section of iren iu arma- 
ture core 84 sq. inches ; in magnets 87 sq. inches. Totallen^h 
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of magnetic circuit 85 inches ; ampere-turns on magnet 39,000. 
Air-gap, 345 sq. incheo, by 0-67 inch from core to pole surface. 
S^— 86,400. Diameter of arn(ature (outside) 18-5 inches; 






length ditto, 14 inches ; peripheral speed, 3900 feet |ier minute ; 
weight of copper in iinimture, 115 lbs.; curi-uub density in 
iiniiuture, 37C0 iiiniwrts iwr sq. iucli ; total turns in armature 
winding, 5C0 ; number of burst of commutator, 80. 
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Elwei-l-Parker Dynamos. 

Plate VI. depicts a. 2-pole drum niacliine of 20 kilo^vatt 
capacity made by tlie Electric Construction Corporation, 
wiio ]iave given the following particulars: — Output: 200 
anii>ere3 at 100 volts ; requiring 28i HP. at 900 i-evolutious 
per minute. Armatvre: Core-disks Hi Inches external 
diiimeter, 2i inches internal diameter. Number of con- 
ductor 104, each 0-05 square inch in section. Resistance 
0-0154 ohm. Commutator lias 52 segments, 6i inches in 
length. Field-magnet : comjtound wound ; resistance of shunt 
28 ohms; o£ series winding 0-0021 ohm. The field-raagneta 
of tliese machines are made up of several bars of wrought 
iron, with a tliin cast-iron cap over the pole-pieces. The 
core-tliska are threaded direct on the sliaft. The chief insu- 
lating material used is a prepamtion of paper, impregnated 
with a special varnish. This firm has also constructed large 
4-pole drum machines for central-station lighting. 

" Taunton " Dynamos. 

Messrs. Newton of Taunton produce excellent little 

machines, Fig. 360, of the same type as tlie preceding. One 

of tlieso examined by the 

author ran absolutely apark- 

lessly at all loads. 

General Electric Trac- 
tion Company's Dynamos. 

This firm has devoted it- 
self to machines suitable for 
traction and mining purposes. 
The machine depicted in 
Fig. 361 was built from the 
designs of Mr. A. T. Snell. 
It has wrought>iron cores and 
cast-iron polar yoke pieces 
The Taunton Dysamo j,, t].^, magneta. The brushes 

are of carlxin ; the holder is the same depicted in Fig. 277 
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(p. 382). This firm has alao pioJuced aonie large 4-i)ole 
d^-namos o£ the same type as Fig. 1, Plate IX. 



Other Multipolar Dynamos. 

In recent years various other multipolar forms have np- 
peared'for centiul-station work. Tlie Allgeiiiei:ie Company 
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of Berlin has constructed large 12-pole mAchines,' as well as 
6-pole and 4-pole drum dynamos. The Thomson-Hous- 
ton Company has designed a large 4-pole drum' closely 



' Etektrotechninchf Zeitschrfft, x. Sept., 1869. 
* Electrical World, xiy. SSS, 1889. 
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resembling Fig. 1, Plate IX. Large machines have also been 
turned out by Messrs. Latimer Clark, Muirhead & Co. of 
Westminster.^ Messrs. Alioth & Co." of Basel also construct 
multipolar drum dynamos. The Westinghouse Comp&ny is 
designing some lat^e 6-pole machines. 

Thuet's Dyuajio. 

A 6-pole hollow-drum dynamo by Thiuy of Geneva ia 
shown in Fig. 362. The method of tlie winding ia described 
on p. 830, and the detail of the field-magnet on p. 201, 

Wenstrom's Dynamo. 

This form, which made its appearance in Sweden in 1882, 
has field-magnets of the ironrdad type, with two salient polo- 
pieces upon which the coils are home, an external cylinder 
of iron, which encloses the machine, serving as the yoke. 
The armature has the peculiarity that the coils are wound in 
circular holes notched into the periphery of the armature 
core. 

— » mecMcnt World, xHI, 2ft4, 1889. 

■ La Lumtire Eleetrlque, zizli G22, 1889. 
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CHAPTER XIX. 

MISCELLANEOrS DYNAMOS. 

In tliis chapter are included Dynamos for Eleetronietallui^y, 
Unipolar Dynamos, Disk-Dynamos and other miscellaneous 
foiTus. 

Dynamos fob Electkoplatino and Electro- 
metallurgy. 

Special forms of dynamo are needed for the work of 
electroplating, electi-otyping, and the electrolytic treatment 
of ores and puriticatioii of metals. They must, of course, he 
of the coutimiona-current type. In general, very low electi-o- 
motive-forees and veiy lai^e currents are requisite, for the 
quantity of metal deposited in the hath depends upon tlie 
quantity of aiuijci-es of current only, and not on tlie number 
of volts of electromolive-force. And though a few volts are 
necessary to drive the requisite cuiTent through tlie resist- 
ances of the cii-cuit, the number is in every case small. To 
decompose water elect rolytically requires less than two volts. 
To deposit metal in a biith in which the anode is of the 
same metal as the deposit i-equires usually a very small 
electromotive-force. In genei'al, if too great an electromotive- 
force is employed, or if the density of current (i. e. the 
number of amperes per unit of area of kathode surface) is 
permitted, tlie metallic deposits will he uneven or pulveru- 
lent. All these circumstances point to the construction of 
dynamos having at most but four or five volts of electro- 
motive-force, but so designed as to have an exceedingly low 
internal resistance. 

The first application of a dynamo to the purpose of electro- 
plating is due to Mr. J. S. Woolricli, who in 1842 patented 
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this use of a magneto-electrio machine. Wilde, liowever, was 
the first to coDKti'uct machines really fitted for the purpose, 
when he invented the principle of using a lai^e dynamo, tlie 
field-magnets of which were separately excited by the cuiTenfaj 
of a emaller magneto machine. His first machines, which 
were used for many yeais by Messrs. Elkiiigtoii, had small 
exciters of the old Siemens type (Fig. 23), mounted upon 
electromi^nets of the form shown in Fig. 119, No. 1. Both 
armatures were of the old shuttle-form introduced by Siemens, 
and the lai^r one required to be kept cool by streams of water. 
About the year 1867 "Wilde introduced anotlier type of 
machine, to which reference was made on p. 12. The arma- 
ture coils (save the one used for feeding the field-magnets) 
are connected in parallel in the manner shown in Fig. 417. 
There are iron cores in the armature coils of this mactline, 
which is, in consequence, prone to heat. Weston introduced 
a small machine for nickel-plating which had steel cores to the 
magnets but with main-circuit coUa upon them, and a!) auto- 
matic cut-off to break the current, to prevent the magnetism 
from reversing by a back-current frem the bath. Elmore 
introduced another machine with multipolar magnetos and 
disk armature. The commutator merely rectified the currents 
(p. 40) without rendering them continuous. This is a bad 
feature : for ^vith all electro-chemical work, whether plating, 
typing, or charging accumulators, there is necessarily nmch 
sparking, unless the fluctuations of the current are reduced to 
a minimum by employing a many-part armature with a preper 
collector. The largest Elmore dynamos, for copper refining, 
had eighteen electromagnets in each crown, and yielded a 
current of 8000 amperes at a potential of seven to eiglit volts. 
Such a machine would deposit over 25 lbs. of copper i>er liour. 
The field-magnet coils are in series with the main circuit. 
This is a mistake. All electroplating dynamos should 1)e 
shunt-wound or they are liable to reverse. Gramme in 1873 
built special forms of very low resistance with strip-wound 
armatures having a commutator at each end, and giving 1500 
amperes at 8 volts. Siemens and Halske also were early in 
the field with machines having bar armatures, which they 
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employed at tlieii- electrolytic works at Oker.' Brush also 
constructed macliiues of low resistance for electroplating pur- 
poses. It Vfsa for tins type of machine that Brush made the 
important invention of exciting tlie field-magnets witli a com- 
pound winding ; coarse wire coils being connected in series, 
witli the addition of a so-calied " teazer " coil of finer wire — 
in other words, a shunt winding — to miiintain the magnetism 
when tlie main cirouitwas ojjened, thus enabling the macliine 
to do eitlier a large or a smalt amount of work without fear of 
reversing the current. The potential at the terminals of this 
machine is fairly constant. It varied only from 3-3 to4'l 
volts, whilst tlie current vailed from 300 amperes to zero. 

Other dynamos have been designed for electroplating and 
electro-metallurgical work by nearly all the important manu- 
fact*en}. 

An Elwell-Parker depositing dynamo * gave 1500 amperes at 
50 volts at 450 revolutions per minute ; a 4-i)oIe shunt-wound 
drum machine with 80 stranded conductors, each of 0-2 square 
inch section, on the drum, and a 40-part commutator. Arma- 
ture is 20 inches loiig and 22 inches diameter, with an unusually 
long commutator. Four sets of brushes, five in each set. 
Length of active conductor 1600 inches. At peripheral speed 
of 2500 feet per minute generates 1 volt for each 8 inches of 
conductor. 

A 50 kilowatt dynamo, by Pat«r8on and Cooper,* for pro- 
ducing bleaching liquor elect rolytically, gives 1200 amx>eres at 
42 volts. 

Another 50 kilowatt dynamo, designed by Hopkinson * for 
copper rethiing, gives 1000 amperes at 50 volts, at 400 revolu- 
tions per minute ; resistance of armature 0*0016 ohm ; commer- 
cial eiQcicncy 93 per cent.; total weight 5^ tons. 

A plating dynamo by Stafford and Eaves' has solid and 
simple magnetic circuit with one exciting coil and a ringaraifk- 
ture with only eighteen sections, giving 150 amperes at 6 volts 
at 640 revolutions per minute. 

> See EieklroleohnUche Ztitschrift, II, M. 
» The Sleetrieian, tiI. 183, 1888. 

•A{d.,p.isL * Ibid., xvu. m, lem. * ibid., tvulks, isen. 
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In dynamos for such purposes tlie requirement of large 
current and very low voltage iiitmducea difficulties into the 
design, for the voltage ciiiiiiot be obtained low enough 
without having either very few convolutions on the aimature, 
or else a weak field-magnet, or else averysIow-sj>eed miiclnue. 
Slow-speed machines are always costly in proportion to their 
outpnt. Machines with weak magnete give trouble with 
sparking. Machines with few massive couductoi-s and faw 
parts in commutator give trouble in sparking, and are liable 
to heat from local eddy-currents. A stranded conductor 
should be used, or several independent windings (see pp. 315 
and 509), all put in parallel hy brushes of special thickness. 
Sayers has proposed an ingenious device to enable 

cuiTents to be taken fi-om a mivchine at various voltages. 

The polo surfaces are subdivided by deep nicks, as in. Fig. 

3li3, thus providing several neutiul points on the com- 

niutator at which brushes may 

be placed without sparking. Fia.ses. 

Thus, for example, whilst the 

potential between the two main 

brushes may be 10 volta, an 

intermediate brush may be 

employed to divide Uiis into 

7^ volts for nickeling and 21 

Tolts for silver-plating. 

Messrs. Crompton & Co. 

have devised a method of 

dividing the main leads be- 
tween two pairs of brushes 

touching adjacent bars of the commutator, and are thereby 

enabled to construct their plating machines with fewer parts 

in tlie armature. The divided leads from the dynamo to tlie 

plating tanks cost no more than a single undivided lead 

would do, hut they interpose a comparatively large resistance 

in the path of the local curreut from the short-circuited 

section. 

For the special purpose of the aluminium industry' several 

types of machines have been developed. Messrs. Crompton 
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& Co. built a very large 2-pole drum machine,' capable of 
affording 5000 amperes at 60 volts. Mr. C, E. L. Brown » haa 
made some 6-po!e maeliiuea for 6000 amperes at 20 volte 
at 180 revolutions per minute. The annatures have each two 
sepamte windings with a commutator at each end, and at each 
commutator 36 brushes, an-anged in six seta of six each. The 
fleld-m^net is like Fig. 131, but with six poles, and cast in 
one piece. The armature is 38 inches in diameter and 24 
inches long. The windings were at firat emljedded in holes 
in the core-disks ; but as troubles arose about insulation, the 
core-disks were turned down, and the armature re-wound with 
external conductors. Although there are as many brush-sete 
as poles, rendering cross-connexion of the windings not abso- 
lutely necessary, yet such cross-connexions are added to ensure 
equalization of tlie currents, equipotential segments of the 
commutator being internally cross-connected by rings witb 
three projecting lugs. Mr, Brown has also made some 8-pole 
macbines for an output of 14,000 amperes at 30 volts. 

Numerical Statistics on Electro-Metallurgt. 
The following data are useful for reference in deciding 
■what the electrical capacity of a dynamo must be in order 
that it may deposit metal in any desired quantity : — 

Copper. 

Current 1 ampere deposits 0-000326 grammes per second. 

1 " " 001957 « per minute. 

" I " « 1-17S9 " per hour. 

» 851-9 " "1 kilf^ramme per hour. 

" 386-4 " " 1 pound per hour. 

To deposit 100 lbs. of copper In a working day of 10 hours will require 
3SM amperes of current flowing all the tItDe; or, if conducted In ten baths 

in series wilh one another, will require 380*4 amperes, but In that case the 
dynamo will require to be of an electromottve-force ten timea as great aa 
for one single large bath. If electrolysis of the crude copper solution Is 
carried on with carbon anodes, there will be required about 1-2 volts for 
each hath in series, or, at most. 15 volts for the ten baths. 

' The Stectrician, xnl. G90, 1888; also La Lvmltre Electiique, xix. 207, 
1868. > La Lwmiire Eleetrlque, xxx. 20G, 1888, 
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Silver. 

Onrrent of 1 ampere deposits 4-025 gmmmes per hour. 
„ „ 112-7 „ „ 1 poond per hour. 



Current of 1 ampere deposits 2-441 grammes per hour. 
„ „ 185-3 „ „ 1 pound per hour. 



Current of 1 ampere deposits 1-099 grammes per hour. 
„ „ 412'8 „ „ 1 pound per hour. 

The following statistiea as to the Tsrious pressures and 
currents required in various processes of electro-deposition 
are useful for reference : — 



FSBSBUICE AT TtatOSJdS BSQCIKKD VOB DlFFSBEKT EiNSB OP 

Baths, 

Tolta. 

Copper (add both) OS to IS 

„ (oTsnide bath) S „ S 

BUrar 0-6 „ I 

Gold 0-6 „ 4 

Bnu 8 „ 6 

Iron (steel fiwjiag) 1 „ 1-8 

ITii^el on iion, steel, copper, with nickel 
anode, strike deposit witti Tolts, diminish- 
ing to 1-B „ 3 

Klokel on inm, steel, copper, with carbon 

anode S „ 4 

mokel on zinc 4 „ 7 

natLnum .. S „ 6 

CCSBSNT DeKSTTT 70B PROFER DEPOBTr. 

n — Amperea p«r 

Coiq;>eT Typing— lOO sq. inch. 

Beat quality tough deposit 1-5 to 4 

Good and tough (for clich^) 4 „ 10 

Good wild deposit 10 „ 25 

8(^d deposit, Band?^ at edges 2S „ 40 

Sandy and granular deposit 50 ,,100 
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Copper (cyanide bath) 

Zino (for i«iUiiiig} 

Silver 

Gold 

Brass 

Iron (eteel facing) 

ITiokel at firat deposit & to 10 amperee per 
100 square incbee, diminishing afterwards 



Untpolar Dynamos. 

Those dynamoa in which rotation of a conductor effects s 
continuous increase in the number of lines of force cut, by 
the device of arranging one part of the conductor to slide 
on or round the magnet, are known ^ as unipolar machines. 

The earliest machine which has any right to be called a 
dynamo (Fig. 1, p. 6), namely, tlie rotating copper disk of 
Faraday, was, in fact, of this class. So wei-e his otiier 
machines with sliding connexions ; for example, the copper 
cylinder rotating over tlie pole of a magnet (Fig. 3, p. 7). 
Pliieker" devised another form, with a horizontally rotating 
magnet, having sliding contacts at the middle and at either 
end. In 1862 Mr, S. A. Varley had a unipolar apparatus with 
an iron magnet rotating in a vertical frame having a mercurial 
connexion at the middle-point. About 1878 Dr. VVemer 
Siemens ■ designed a unipolar machine in which there were 
two cylinders of copper, both slit longitudinally to obviate 
eddy-currents, each of which rotated itjund one pole of a 
U-shaped electromagnet. A second electromagnet was placed 
between the rotating cylinders, with protruding pole-pieces of 
arching form which embi'aced the cylinders above and below. 

1 Th[e sounds like a lucua a non (ucfti Jo, tor the magnet has two polea. 
But the name is derlvBil from the tenn "unipolar Induction," which conti- 
nental electricians, following Prof. Wm. Weber, give to the indoction of 
currents b; tlie process of " continuous cutting," whicli we are now deal- 
ing with, I do not adopt the term, as it is needlessly mystifying. 

* Pogg. Ann.. ixxxTll. ai2, 1M2, 

* ElektroUchaiache ZeiUchHft, ii. M, 1881. 
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Each cylinder, therefore, rotated between an internal and an 
External pole of opposite polarity, and consequently cut the 
lines of force continuously by sliding upon the intenml pole. 
The currents from this machine were very great, but of only 
a few volts of electromotive-force. To keep down tlie resist- 
ance, many collecting brushes pressed on the cylinders at each 
end. This dynamo was used at Oker for depositing copper. 
Much attention has been paid in recent years to machines of 
this type, and the author himself designed one in which two 
Faraday disks, coupled at their peripheries outside an internal 
stationary pole-piece, rotate in a symmetrically uniform iield. 
Mr. Willoughby Smith showed that if an iron disk be used 
instead of a copper disk a much more powerful effect is 
obtained. Prof. George Forbes has constructed several 
machines of this class. Originally he began by employing 
an iron disk which'rotated between two cheeks of opposite 
polarity, the current being drawn from its periphery. He 
then doubled the parts. The next st^e was to unite the 
two disks into one common cylinder, rotating within an 
entirely self-contained iron-clad field-magnet. For this reason 
the inventor prefers to call this type of dynamo " non-polar." 
A rubbing contact — for wliich purpose Prof. Forbes at one 
time used carbon bruslies, and at another a number of springy 
strips of metal foil — is maintained at the two extremities 
of the periphery. One of the earlier forms of machine, with 
a single disk 18 inches in diameter, was stated to give 8117 
amperes at a potential of 5-8 volts when running at 1500 
revolutions per minute. One of the later machines, in which 
the armature is a cylinder of iron 9 inches in diameter, 8 
inches long, is designed to give a current of 10,000 amperes 
at 1 volt, at 1000 revolutions per minute. The electromotive- 
force of such machines increases as the square of the diameter. 
Other types have been designed by E. Ferraris, E. L. Voice, 
Delafield, Hummel, and others. All the important foiins 
prior to 1885 are described and discussed by Uppenbom in 
the Centralblatt fUr Elektrotechntk of tliat year, p. 824. 

Two difRculties seem to beset this type of macliine, namely, 
the inherent trouble of peripheral collection of large cuiTenls, 
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and the very considerable armature reactions which accom 
pany these large currents, causing great fall in the volb^e * 
as the current increases. The latter can only be obviated by 
the same expedients as hold good in all other types of dy- 
namo, nainely,.to make the field-magneta relatively powerful 
and to eounterbalajice the i-eactions by compounding or ovei^ 
compounding tlie machine by the use of aeries windings. 

The theory of the unipolar disk-dynamo has been given by 
Sir W. Thomson,^ who has shown that such a machine is not 
self-exciting except above a certain critical speed, dependent 
on the resistance of the circuit. The latest suggestions 
came from Atkinson,^ whose machine is self-exciting, and 
Mr. C. E. L. Brown has communicated to the author some 
results and drawings of a unipolar machine built at the 
Oerlikon Works, vrith a cylinder of copper rotating between 
Uie lips of an iron-clad electromagnet of castriron. Thia 
machine at 1200 revolutions per minute worked at 10 volta 
and showed hardly any perceptible drop in voltage when 
3000 amperes were taken from it. 



Disk-Dynamos. 

In the djoiamos of this class the coils are carried round to 
different parts of a magnetic field, such that either the in- 
tensity differs in different regions, or more generally the lines 
of force run in opposite directions in different parts of the 
field. Fig. 17 (p. 29) illustrates this principle ; and we shall 
now consider how it ia carried out in practice. In the early 
machines of Saxton, Clarke, and Stohrer, single pairs of coils 
were mounted so as to pass in this fashion through parts of 
the field where the magnetic induction was oppositely directed. 
Such a machine will, therefore, give alternate currents, unless 
a commutator be affixed to the rotating axis. Niaudet's 

1 See Bome figures given by Haminet in vol. 11. p. 19, of KlUler's Hani- 
bucA der Meklroteelmik. 

' On a uniform electric current accnmulator {PhiL Mag., Jumary 1868 ; 
uid Beprtnt of Paper*, p. 325). 

■ La Lvmiire Etectrique, xsxv. M7, 169^ 
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obsolete dynamo, which may be regarded as a compound 
Saxtoii machine, having the neparate armature coils united 
as those of Gmmme and Siemeiia into one continuous circuit, 
was furnished with a radial collector instead of a cylindrical 
one. In the Wallace-Fiirmer dynamo was very nearly real- 
ized the condition of field of Fig. 17, there being a |>ftir of 
poles at the top aiTiuiged so that the N. faces the S. pole, and 
another pair at the bottom where the S. faces the N. pole. In 
1878 von Hefner Alteneck designed a disk-dynamo in which 
the number of coils differed by two, or some other number, 
from those of the field, and with the employmentof a multiple 
bar commutator with complicated cross-connexions. In 1881 
Hopkinson and Muirhead showed a disk-dynamo with a wava- 
winding. In 1875 Professor Paeiiiotti devised ' a form of disk- 
armature, which he described as a " transversal electromag- 
netic fly-wheel." Tlie machine, which 
was exhibited at Paris in 1881, had for 
field-mi^net two electromagnets placed 
with their contrary poles juxtaposed, 
foi'ming, as shown in Fig. 364, a single 
magnetic circuit with two gaps. 
Through these two gaps passed a disk- 
nrmature, constructed of radial con- 
ductors arranged to cut the intense 
magnetic fields. Ttie electromotive- 
forces induced in these conductors 
would on the one side be directed Pmld-maqiwb or Pao- 
radially inwards, on the other radially 
outwards. The method devised by Pacinotti for connecting 
the radial conductors into a single closed coil is shown in Fig. 
288, p. 888. Another form was the obliquely-coiled dynamo 
of Ayrton and Perry of 1882. Another disk-armature was 
designed f^bottt the same time by Mr. Edison with i-adial bare, 
connected at the outer ends by concentric boope and at the 
inner by copper washers. A more recent form of the same 
inventor is shown in Fig. 235, p. 340. Another type of disk- 
armature tras invented by Sir W. Thomson, consisting of a 
1 JVuoBO Ctmenlo 18] x., September 1681. 
85 
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wheel with spokes like a bicycle wheel, with collecting 
brushes pressing against opposite ends of a diameter. 
Bollman ^ devised a multipolar machine, liaving a complex 
armature built up of radial strips of copper connected in zig- 
zag and joined to b cross-connected commutator. More 
recently machines of this class have been devised hy Des- 
roziera,* Robin,' Jehl and Rupp,* and Sayera." In the 
machine of Jehl and Rupp, which is brought out by the 
French Edison Co., there are four pairs of opposing poles. 



POLECHKO'S DlSK-DTl«AUa 

With 24 kilogrammes of copper in the armature, and running 
at 735 revolutions permiimte, this machine gives 350 amperes 
at 110 volts. 

' For detailed drawings and description, see CentralblattfAr EUktro- 
Ui^linik, Ix, 7,.1SS7. 

'' See La Lumitre Elcctrique, xx'v. 293, 2M, and 517, 18S7; xxix.401 
18S8. 

» Slid., ixlv, 644, 1887. 

* Jhiil., Kjtiv. 343, 1837. S<?e also detailed illiistralionH and description In 
ixv. 308, 1887 ; and In Etfctriciun, xi.t. W, 1887. 

• Specification of Patanl, 717 ot 188". 
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Frittehe't Dtgh-Dynamos. — These dynamos^ have a disk 
with multipolar wave-winding with series grouping for arma- 
ture. The interesting constructiontil feature of these ma- 
chines is the use of wrought-iron bars, instead of copper, as 
the active conductors in the disk. The commutator is fixed, 
to the outside of the disk, with the brashea trailing against 
tiie periphery at two points. 

Polechko's St/namo. — This form " realizes Sir W. Thomson's 
suggestion for a wheel- dynamo. The wheel is 1 metre in 
diameter, with narrow copper spokes to rotate in a narrow 
gap between the pole-pieces of a pair of electromagnets, ar- 
ranged to produce a very intense narrow mi^netic field along 
two opposite radii. Fig. 365 shows its form, and the arrange- 
, ment for collecting the current from the periphery, which is 
made up of 320 insulated pieces of copper strongly held to- 
g;ether by an insulated ateel ring at the middle of the rim. 
It gave, at 1500 revolutions per minutet a current of 2000 
s at 25 volta ; the entire machine weighing 1-1 tons. 



>Se<! FrlUohe'B bcmk, Die GMchatTom-DynamomageMiie, Berlin, 1888; 
Also Specification ot BriUsb Patent, No. 13,080 of 1367. See ftlso The Eleo- 
irieian, xxW. ea.\ 1888; ».\io Electrical Retlew, xxlx. 472, 1891; andJBiM)- 
trtetl World, xll. 205, 1889. 
- * Journal de la HocieU Phj/Dico-ehimiqiu ruue, xxlL 136, 1890. 
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CHAPTER XX. 

ELECTRIC MOTORS (CONTINUOUS CURRENT). 

In the Brat chapter, the definition was laid down that dynft- 
mo-electrie machinery meant ''machinery for converting 
enei^ in the form of mechanical power into energy in the 
fonn of electric currents, or vice vend." Having dealt with 
the dynamo in ita function as a generator of electrio currents^ 
we now come to its converse function, namely, that of con- 
verting the energy of electric currents into the energy of 
mechanical motion. 

An electric motor, or, as it was formerly called, an electro- 
magnetic engine, is one which does mechanical work at the 
expense of electric energy ; and this is true, no matter 
whether the magnets which form the fixed part of the ma- 
chine he permanent magnets of steel or electromagnets. In 
fact, any kind of dynamo, whether for continuous currents or 
alternating currents, can be used conversely as a motor, 
tliough, as we shall see, some more appropriately than others. 

Every one knows tliat a magnet will attract the opposite 
pole of another magnet, and will pull it round. We know 
also that every magnet placed in a magnetic field tends to 
turn round and set itself along the lines of force. 

It is not, therefore, diflQcult to understand that very soon 
after the invention of the electromagnet, which gave us for 
the first time a mf^net whose power was under control, a 
number of ingenious persons pereeived that it would be pos- 
sible to construct an electromagnetic engine, in which an 
electromagnet, placed in a magnetic field, should be pulled 
round ; and, further, tlmt the rotation should be kept up 
continuously, by cutting off or reversing the current at an 
appropriate moment. As a matter of fact, a mere coil of 
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wire carrying a current, is acted upon wKeu placed tn the 
magnetic field, and is pulled round as a magnet is. On this 
verj' principle was constructed the earliest electric motor of 
Ritchie, SO' well known in many forms as a stock piece of 
electric apparatus, but little better in i-eality than a toy. 
Joule ' also devised several forms of electric motor. 

A great step in advance was made by Jacobi, who, in 1888, 
constructed the multipolar machine of which we give a rep- 
resentation in Fig. 866. This motor, which Jacobi designed 
for his electric boat, had two strong wooden fmrneSi in each 
Fio. 860. 



Jacobi'b Electric Motor. 

of which a dozen electromagnets were fixed, their poles being 
set alternately. Between them, upon a wooden disk, was 
placed another set of electromagnets, which, by the alternate 
attraction and repulsion of the fixed poles, were kept in rota- 
tion ; the current which traversed the rotating magnets being 
regularly revei-sed at the moment of passing the poles of the 
fixed magnets by means of a commutator, consisting, ac- 
cording to Jacobins directions, of four brass-toothed wheels 
having pieces of ivory or wood let in between the teeth for 
insulation. Jacobi's motor was, in fact, a very advanced type 

^Annala qf Etectrleit]/, il 223, 1888; and It. 203, 1839. 
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of dynamo, and would, o£ course, generate currents if driven 
round by meclianical power. 

A still earlier rotating apparatus, and, like Ritchie's motor, 
a mere toy, was Stui^eon's wheel-disk, described in 1823. 
This instrument, interesting as being the forerunner of Fara- 
day's disk dynamo, is the representative of a distinctive class 
of machines, namely, those which liave a sliding contact 
merely, and need no commutator. 

Another class of motors may be named, wherein the 
moving part, instead of rotating upon an axis, is caused to 
oscillate backwards and forwards. Pi-ofessor Henry, to whom 
we owe so much in the eaily history of electromagnetisra, 
constructed, in 1831, a motor with an oscillating beam, altet^ 
nately drawn ,backwanls and forwards by the intermittent 
action of an electromagnet. Dal Negro's motor of 1833 was 
of this class ; ' jn it a steel rod was caused to oscillate between 
the poles of an electromi^net, and caused a crank to wliich it 
was geared to rotate in consequence- A distinct improve- 
ment in this type of machine was introduced by Pt^, who 
employed hollow coila or bobbins as electromagnets, which, 
by their alternate action, sucked down iron coreu into the 
coils, and caused them to oscillate to and fro. Motors of this 
kind fyrm aii admirable illu::>tration of one of the laws of 
electroitii^netics, fiiBt formulated by Gauss, but developed 
later by Maxwell, to the effect that a circuit acts on a mag- 
netic polo in such a way as to make the number of magnetic 
lines. of force that pass through the circuit a maximum- 
Page's suggestion was further developed by Bourbouze, 
who constructed the curious motor depicted iu Fig, 367, 
wlilch looks unconmionly like an old tj-pe of steam engine. 
We have here a beam, cmnk, fly-wlieel, connecting-rod, and 
even an eccentric valve-gear and a slide-valve. But for 
cylinders we Imve four hollow electromagnets ; for pistons, 
we liave iron cores tliat are alternately sucked in and drawn 
out; and, for slide-valve we liave a commutator, which, by 
di'agging ft pair of platinum-tipijed springs over a flat surface 
made of three pieces of brass separated hy two insulating 
strips of ivory, reverses at every stroke the direction of the 
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currents in the coila of the electromagnets. It is really a 
very ingenious machine, but, in point of efficiency, far behind 
all modem electric motors. Unfortunately, it does not do 
to design dynamo^electric machinery on the same lines as 
steam engines. 

Fia. 867. 



Boukbouze's Electric Uotob. 

Yet another now obsolete class of electric motors owed its 
existence to Froment, who, fixing aseries of parallel iron bars 
upon tlic peri])hery of a drum, caused them to be attracted, 
one after the other, by an electromagnet or electixim^nets, 
and thus pi-ocured a continuous rotation. 

Lastly, of the various historical types of motor we may 
enumerate a class in which the rotating portion is enclosed in 
an eccentric frame of iron, so that as it rotates it gradually 
approaches nearer. Little motoi-s, working on this principle 
of " oUique appi-oach," were invented by Wheatstone, and 
have long bften used for spinning Geissler tul>e8, and other 
light experimental work. More recently, Ti-ouve and others 
have sought to embody this principle in motors of more 
ambitious proportions, but without securing any advantage ; 
for it would be better to bring the armature close to the polo- 
pieces of the field-magnet. 
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It is impossible, witliin the limits of this work, to deal with 
a tithe of nil the various stages of discovery and invention, 
or with many interesting and curious machines that have from 
time to time been tried. It might be told how Page, after 
inventing bis machine in 1834, succeeded in 1852 in con- 
structing a motor of such a size that he was able to drive a 
circular saw and a lathe by it. Space fails to describe the 
electric motor of Davidson, which, in 1842, enabled him to 
propel a carriage, at the speed of four miles an hour, between 
Edinburgh and Glasgow. An engine which was o'f 10 horse- 
power was built in 1849, by Soren Hjorth, at Liverpool.' 
Other inventions are alluded to in the Historical Notes at tlie 
beginning of this book. Two notable steps were the inven- 
tion, in 18-55, of the shuttle armature of Siemens, and in 1864 
of the ring armature by Paoinotti. But the real develop- 
ment came after tlie commercial inti-oduction of Gramme's 
dynamos in 1871, as engineers began to understand how two 
of these machines could be used — one as generator, the other 
as motor — to transmit power through a line. The modem 
dynamo, with its distinct organs the field-m^net and the 
aimature, has superseded all the older types of motor. 

All the earlier attempts to introduce electric motors came 
to nothing, for two reasons. Firstly, at that time there was 
no economical method of generating electric currents known ; 
secondly, the great physical law of the conservation of energy 
was not fully recognized, and its all-important bearings upon 
the theory of electric machinery could not be foreseen. 

While voltaic batteries were the only available sources of 
electric currents, economical working of electric motors was 
hopeless ; for a voltaic battery wherein electric currents are 

' An excellent account of the early forms of electric motor, both Euro- 
pean and American, is to he found in Hartin & Weliler'a The EteetHe 
Motor and itt Application*, third edition, 1891. All readers interested In 
the subject should also consult the paper on Electro-magnetism a» a 
Motive Power, by the lale R, Hunt In Proe. In»t. Civil Engineers, xvi,, 
April 185T, together with the discnssion that followed It, in which part wa« 
tkken by Professor Thomson (now Lord Kelvin), Mr. (now Sir William) 
Grove, Professor Tyndall, Mr, Cowper, Mr. Smee, and Mr. Robert Stephen- 
son. Tlieyshonld also consult Kspp'a The Electric TrajianiUtion <^ Pover, 



by Google 



Electric Motors. 553 

generated by dissolving zinc in sulphuric acid is a very ex- 
penaive source of power. To say notliing of the cost of the 
acid, the zinc — the very fuel of the battery — costs more tlian 
twenty times as much as coal, and is a far worse fuel ; for 
■whilst an ounce of zinc will evolve heat to an amount 
equivalent to 113,000 foot-pounds of work,^ an ounce of coal 
will furnish the equivalent of 695,000 foot-pounds. 

The fact, however, which seemed most discouraging, and 
which, if rightly interprtstod in accoi'dance with the law of 
conservation of energy, would have been found to be (on the 
contrary) a most encouraging fact, was the following : — If a 
galvanometer was plaoed in the circuit with the electric motor 
and the battery, it was found that when the motor was run- 
ning the battery was unable to force through the wires so 
strong a current as that which flowed when the motor was 
standing still. The faster the motor ran, the weaker did the 
current become. Now there are only two causes that can 
stop such a current flowing in a circuit ; there must be either 
an obstructive resistance or else a counter electromotive-force, 
At fn^t, the common idea was, that when the motor was 
spinning round, it offered a greater resistance to the passage 
of the electric current than when it stood still. The genius 
of Jacobi ' enabled him, however, to discern that the observed 
diminution of current was really due to the fact that the 
motor, by the act of spinning round, began to work as a 
dynamo on its own account, and tended to set up a current in 
the circuit in the opposite direction to that which was driving 
it. The.faster it rotated the greater was the counter electro- 

' A oonvealeiit waj of regwdlng the economic qneBtion from the point of 
view of tbe cost of the voltaic battery la alTorded by the following calcula- 
tion. Suppoelng the electric motor to convertall the electric energy of the 
battery wlUtout Joh Into mechanical energy, the amount of linc u^ per 
htm^power in one hour will be almost exactly two pounds divided by the 
volts of electroraottve-foTce of the cell employed In the battery. 

* liemoire &ar Vapplieation AtVilectromagnftitmeav, tnouvement del 
machinet par If. H. Jocobl (Potsdam, 18S5). On p. 46 of this memoir 
Jaoobi points out that the motor, when set Into rotation by the current of 
the battery, becomes by virtue of Its motion a magneto-electric apparatus 
capable of generating a current in a counter-direction In the circuit; and to 
this be rightly attribulM the limit of uniform speed obtained by the motor. 
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motive-force (or " electromotive-force of reaction") which was 
daveloped. In fact, the theoiy of the conservation of energy 
requires that such a reaction should exist. Joule,' by 
further experiment, found that the counter electric action is 
proportional to the velocity of rotation and to the magnetism 
of the magnets. 

Two pointe are vittil to the right underetanding of the 
action of electric motors; (1) The propelling dr;^, (2) the 
counter electromotive-force. The first ia that the real 
driving-force which propels the revolving armature is the 
dn^ which the magnetic field exerts upon tiie armature wires 
through which the current is flowing (or, in the ease of 
deeply-toothed armatures, on the protruding teeth) : the 
second ia that the revolving armature generatea a counter 
electromotive force as its moving wires cut the magnetic lines. 

The Propelling Drag. — In Chapter V., on the mechanical 
actions in armatures, tlie drag, which a magnetic field exerts 
s.- a conductor carrying a current, has been explained, and 
calculations about its magnitude given. In a generator the 
drag acts in a direction which opposes the rotation, and is, in 
fact, a counter-force or reaction against the driving-force. Ift 
a motor the drag ia the diiving-force, and produces the rotation. 

The Comiter Electromotive-force. — Let it be remembered 
that wherever in an electric circuit, current flows through 
some portion of the circuit in which there is an electromotive- 
force, the current will tliere either receive or give up enei^ 
according to whether the electromotive-force acta with the 
current or ayainet it. This will be made clearer by Fig, 368, 
representing a circuit in which there are a dynamo and a 
motor. Each is rotating righ(>-handedly, and therefore 
generates an electromotive-force tending upwards from the 
lower brush to the higher. In each case the upper brush is 
tlie positive one. But in the dynamo, where enei^y is being 
supplied to the circuit, the electromotive-force is in the 
same direction aa the current ; whilst in the motor where work 
is being done, and energy ia leaving the circuit, the electro- 
motive-foi-ee is in a direction which opposes the current. 
1 AnnaU qfEUeMeity, tUI. 219, 1842, Mid SeierUiftc Papen, p. 47. 
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There ouglit to be no difficulty in understanding tliat tins 
electric reaction is an essential of motor working. 

Oenbratob. Fia. 368. Motor. 



We know that in the converse case, when we are employ- 
ing mechanical power to generate cuiTents hy rotating a 
dynamo, directly we begin to generate currents, that is to say, 
directly we begin to do electric work, it immediately requires 
much more power to turn the dynamo than is the case when 
no electric wort la l^ing done. In other words, there is an 
opposing reaction to the mechanical force which we apply 
in oi'der to do electric work. An opposing reaction to a 
mechanical force may he termed a "counter-foi-ce." When, 
on the other hand, we apply (by means of a voltaic battery, 
for example) an electromotive-force to do mechanical work, 
we find that here again there is an opposing reaction ; and 
an opposing reaction to an electromotive-force ia a " counter 
electromotive-force." 

The experiment of showing the existence of tlua counter 
electromotive-force ia a very easy one. All one requires is a. 
little motor, with a powerful field-magnet,^ a few cells of 
battery of small internal resistance, and a galvanometer. 

' One of an; onllnary type — a magneto-machine or a Beries-irouiid motor 
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They should be connected up in one ciicuit, and the deflexion 
of the galvanometer should he observed when the motor ia 
held fast, and when it rofattes with small and large loads. In 
aii experiment made at the Technical College, Finsbuty, on 
an Immisch motor, with separately-excited m^nets, the fol- 
lowing figures were obtained : — 



Appai-ently, if the motor had been helped on to run at 261i 
levolutions per minute, the cun-ent would have been reduced 
to zero. The cunent of 51 amperes was needed to drive the 
armature against friction at tlie speed of 195. 

The existence of this counter electromotive-foree is of the 
utmost importance in consideiing the action of the motor, 
because upon the existence and magnitude of this counter 
electromotive-force depends the degree to which any given 
motor enables us to utilize electric energy that is supplied to 
it in the form of an electric current. In fact, this counter 
electromotive-force is an absolute and necessary factor in the 
power of the motor, just as much as the velocity to wliich 
(c(eteri» paribus') it is proijoitional. Lieut, F. J. Sprague 
has mtide the suggestion to call it the " motor electromotive- 
force," thereby empliasizing the fact. 

In discussing the dynamo as a generator, many considentr 
tions were jKiinted out, the observance of which would tend 
to improve tlie efficiency of sucli generators. It is needless 
to say that many of these considerations, such as the avoid- 
ance of useless resistances, unnecessary iron masses in cores, 
and the like, will also apply to motora. The freer a motor is 
from such objections, the moi-e efficient will it be. But the 
efficiency of a motor in utilizing the energy of a current 
depends not only on its efficiency in itself, but on another 
considei-ation, namely the relation between the electromotive- 
force which it itself generates when rotating, and the electi-o- 
motive-force or electric pressure at which the current is 
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snpitlied to it. A motor which itself in ninning generates 
only & loiB electromotive-force cannot, however well designed, 
be an efficient or economical motor when supplied with 
currents at a high electromotive-force, A good low-pressure 
steam-engine does not become more " efficient " by being 
supplied wtb high-pressure steam. Norcan a high-pressure 
steam-engine, however well constructed, attain a high effi- 
ciency when worked with steam at low pressures. Analogous 
considei-ations apply to dynamos used as motors. They must 
be supplied with currents at electromotive-forces adapted to 
them. Even a perfect motor — one without friction or resist- 
ance of any kind — cannot give an " efficient " or economical 
result if the law of efficiency is not observed in the conditions 
under which the electric cuiTent is supplied to it. 

Elementary Theory of Electric Motive Power, 

It will be shown, mathematically, that the efficiency with 
which a perfect motor utilizes the electric energy of the 
current, depends upon the ratio between the counter electi-o- 
motive-foree developed in the armature of the motor and the 
electromotive-force of the current wliich is supplied by the 
battery. No motor ever succeeded in turning into useful 
work the whole of the currents that feed it, for it is impos- 
sible to construct machines devoid of resistance, and when- 
ever resistance is offered to a current, part of the energy of 
the current is wasted in heating the mrea that offer the resist- 
ance. Let the symbol W stand for the electric power sup- 
plied to an electric circuit by a battery or dynamo acting as 
a source ; and let w stand for that part of the energy which 
the motor takes up as useful powerfrom th? circuit.' These 

' The aymbol w must be clearly imdentood to refer to the value of the 
work taken up by the motor, ai meaaureii electrically. The whole of this 
work will not appear as useful mechanifal effect however, for part will be 
lost by mechanical friction, ajid part also in the wasteful production of 
eddy-currents in tbe moving parts of the motor. Wliat proportion of w 
appears as osetul mechanical work depends on the efficiency of the motor 
per if, which we are not here considering. In all that follows Immediately 
we shall suppose such causes of loss not to exist, or the motor will be con- 
sidered as a perfect motor. 
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symbols may stand for the numbers of watts respectively 
supplied and utilized. AU that part o£ the enei^y of the 
cuneiit -which is pot utilized by the motor, and transformed 
into useful work, will be wasted in UBeless heating of the 
resistances. Tiie heat-loss will therefoi* be equal to W - w. 
But if we want to work our motor under the conditions of 
greatest economy, it is clear that we must have as little lieat- 
waste as possible ; or, in symbdls, w must be as nearly as 
possible equal to W. It will be shown mathematically that 
the nitio between the useful energy thus appropriated and 
the total enei'gy spent, is equal to the ratio between the 
counter electromotive-force of the motor and the whole 
electromotive-force of the battery that feeds tlie motor. (As 
it is not wished here to complicate general considerations by 
introducing into the expression for the efficiency the energy 
wasted in heat in the field-magnet coils of the motor, we 
here assume that the magnetism of the field-magnets is 
independently excited.) The proof will be given later. Let 
us call this whole electromotive-force with which the batt«ry 
feeds the motor E, and let us call the counter electromotive- 
force E. Then the i-ule is 

w_ E 
W J' 

But we may go one stage further. If the fnotor be prevented 
from turning, the current, as calculated by Ohm's law, 
would be 

T E 



If the resistances of the circuit are constant, the current i, 
observed when the motor is running, will be leas than L 
But, from Ohm's law, we know that 

* ~ R ' 
where R is the total resistance of the circuit. Hence 

I-f E w 
I - E - W ■ 
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From which itappeara that we can calculate the efficiency at 
which tlie motor is working, by observing the ratio between 
the fall ill the strength of the cuireut and the original 
strength. Now as this mathematical Uw of efficiency hag 
been known for forty yearn, it is Ktrange that, even in many 
of the accepted text-books, it was until lately ignored or mis- 
understood. Another law, discovered by Jacohi, not a law 
of efficiency at all, but a law of maximum work in a given 
time, has usually been given instead. A machine does not 
generally do its work with the best economy when it works 
furiously, performing tlie greatest work in the least possible 
time ; and the maximum economy or efficiency of an electric 
motor is not when its output ia at a maximum. Yet, strange 
to say, it was common ten years ago to find Jacobi's law of 
maximum power or activity stated as the law of maximum 
efficiency. Many electricians were consequently under the 
erroneous impressioA that a motor could never Inive a higher 
efficiency than 50 per cent. I 

The true law of efflcienoy was clearly stated by Thomson in 
1851, and is recognized in a paper by Joule at about the same 
date. See also Rankine's titeam Engine, p. 546. Prafesaor 
Anthony, late of Cornell University, informs the author that 
he has taught the true law for the past fifteen years. Jacobi 
seems very clearly to have understood that his law was a law 
of maximum working, but not to have understood that it was 
not a law ol true economical eflQciency. In one passage, {An- 
naies de Chimie et de Ph/aiqiie, t. xxxiv. 1852, p. 480), he 
says : — " Le travail m^canique maximum, oiiplutdt Feffetecono- 
mique, n'est nullement conipliqufi avec ce que M. Muller np- 
pelie les circonstances speeifiqnes des nioteuvs 61ectro-miign6- 
tiques." Yet, though there is here apparently a confusion be- 
tween the two very different laws,in a preceding part of the very 
same memoir Jacobi says (p. 466) ; — " Kn divisant la quantity 
de travail par la depense (de zinc), on obtient une expression 
tr6s importante dans la mi-canique industiielle : c'est I'effet 
^conomique, ou ce que les Anglais apiiellent duty" Here, 
agtiin, is a singular confusion. Tlie definition is perfect; but 
"effet economique " is not the same tiling as the maximum 
power. Jacobi's law is not a law of maximum efficiency, but a 
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law of maximvim power ; aiid that is where the error creeps 
in. It is aiguifleaiit, in suggesting the cause of this I'emai'k- 
ahle conflict of ideas, that throughout tliis memoir Jacobi 
speaks of work as being the product of force and velocity, not 
of force and displacement. Tlie same mistake — common 
enough amongst continental writers — is to be found in the 
accounts of Jacohi'a law given in Yerdet's T/tSorie Mccanique 
de la Vluileur, in MuUer's Lehrbtich der P/iygik, and even in 
Wiedemann's GaleuuUmtes. Now the product of force and 
velocity is not work, but work divided by time, that is to say 
" power," or " rate of working," or " activity." This may 
account for the widely-spread fallacy. Jacobi makes another 
curious Blip in the memoir alKive alluded to (p. 463), by sup- 
posing that the strength of the cun-ent can only become •- 
when tiie motor luns at an inJiuUe speed. We all know now 
that the current will be reduced to zeiv3 when the counter 
electromotive- force of the motor equals that of the external 
supply; and if this is finite, the speed of the motor, if there is 
independent magnetism iu its magnets, need also only be 
finite. This error — also to be found in Verdet — seems to have 
thrown the latter off the track of the true law of efficiency, 
and to have made him fall back on Jacobi's law. In a paper 
by Acliard in the Annahs des Mines in January 1879, a clear 
distinction is drawn between the maximum activity and the 
efficiency of a motor, and he points out how as the hitter in- 
ci-eases to a maxinmm, the former ftUls to zero. In April, Sir 
C. W, Siemens and Sir W. Thomson gave evidence on electric 
transmission before a Parliamentary Committee, the latter 
showing that it was possible to transmit 21,000 HP. through 
a copper wire ^-inch in diameter, to 300 miles, provided a 
potential of 80,000 volts was used. Later in the same year 
Professors Elihu Thomson and Houston, basing their remarks 
upon the suggestions of Sir W. Thomson and Siemens, pro- 
posed to obtain economic results by connecting in series several 
dynamos at one end of a line, and several motors at the other, 
so as to work with small currents and high electromotive- 
forces. The advantage of high voltage in both dynamo and 
motor at the two ends of the Une was never better or moreclearly 
put than by Pi'of. W. E. Ayrton, iu his lecture on "Electric 
Transmission of Power," before the British Association, in 
Sheffield in August 1879. These high voltages he proposed to 
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obtain not by incressing the magnetism but by inci'easiiig the 
speed, and by sepiinite excitation of both dynamo and motor. 
The gam in economy by allowing the motor to ma at a high 
speed with efllciency increasing as its speed increasea, was 
also pointed out by Dr. Werner von Siemens in his address to 
■tlie Xatnrforscher meeting in September 187!)(see Werner von 
Siemens Wiasetisc/ui/tUcheti vnd Techniec/ien Arbeiten, vol. ii., 
p. 374). 

Jacobi'a law concerning tlie maximum power of an electric 
motor Kupplietl witli cun-ents from a source of given electro- 
K?otive-force ia the following : — The meehanieal work given 
out by A motor is a maximum when the motor ia geareil to run 
at Bnch a speed that the current is leduced to half the strength 
that it would have if the motor was stopped. This, of course, 
implies that the counter electromotive-force of the motor is 
equal to half the electromotive-force furnished by the battery 
or generator. Now, under these eircumstftnces, only half the 
energy furnished by the external source is utilized, the other 
half being wast«d in heating the circuit. If Jacobi's law was 
indeed the law of efflciency, no motor, however perfect in 
itself, could convert more than 50 per cent, of the electric 
energy supplied to it into actual work. 

Dr. Siemens, who first made us realize the true physical 
signification of the mathematical expressions which, until then, 
had been i-egarded as mere abstractions, showed, some years 
ago, that a dynamo can be, in practice, so used as to give out 
more than 50 per cent, of the energy of the curi-ent. Itcan, 
in fact, work more efficiently if it be not expected to do its 
work so quickly, while using so much current. In fact, if 
the motor be arranged so as to do its work at less than the 
maximum rate, by being geared so as to do much less work 
per revolution, but yet so as to run at a higher speed, it will 
be more efficient; that is to say, though it does less work, 
there will also be still less elechic enei'gy expended, and the 
ratio of the useful work done to the energy expended will be 
nearer unitj' than before. Or, instead of gearing it up to run 
fast, we may gain the same advantage by strengthening its 
field-magnets. 
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Theory of Motors. — If E be tlie electromotive-force of the 
niaiiiB supplying the curreat to the motor when the motor is 
at rest, and i be the current which flows at any time, tlie 
whole electric power W expended in unit time will be 
expressed in wiitta, as the productof the whole of the applied 
volts multiplied by the whole of the amperes, or: — 

(Total watts) W = Ei = E ^^~ ^^ - [I.] 

Now, when the motor is running, part of this electric 
power is being spent in doing work, and the remainder is 
wasting itself in heating the wires of the circuit. The useful 
part may be similarly written down, as the product o£ the 
armature's own volts (the counter electromotive-force) and 
the amperes, or : — 

(Useful watts) w = E i = E ^^~^^ - [II.] 

All the power which is not thus utilized is wasted in 
beating the resistances. So we may write : — 

PowerBupplied= power utilized + power wasted in heating, 
or, 

y^ ~w-\- watts wasted in heating. 
But, by Joule's law, the heatrwaste of the current whose 
strength is i running through resistance R, is expressed by 
the equatioD 

= 1= R (watts). 
Substituting this value above, we get 
'W = M<J-jaR, 
Comparing equation [I.] with equation [II.], we get the 
following ; — 

w _ E('.g-E) . 
W £(i'-E)' 
or, finally 

Jl-^. [III.1 

This is, in fact, the mathematical law of efficiency, so long 
misunderstood until Siemens showed its practical significance. 
We may appropriately call it the law of Siemens. Here the 
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ration vr^ is the measure of the efficiency of the motor, and 

the equation shows that we may make this efficiency as nearly 
equal to unity as we please, by bo adjusting either the 
magnetism of the field-magnets or the speed of the motor that 
E is very nearly equal to E. 

Now the power utilized is equal to the difference between 
the total power supplied a'nd the part wasted in heat, or in 
Bjraahols : — 

w=Ei-i^V.. [IV.] 

In order to find what value of i will give us the maximum 
value for w (which is the work done by the motor tn nnit 
time'), we must take the differential coefficient and equate it 
to zero,' 



whence we have 



^ H 



motor stands still. So we see at once that, to get maximum 
work per second out of our motor, the motor must run at such 
a speed as to bring down the current to half the value which 

1 The BTgDment can be proven, thougb lesa simply, without the calculus 
aa follows ; write equation [IV.] in the tollowlng form : 

i'B.-Ei + vi=^0. 
Solving this m an ordinary quadratic equation, In which f Is the unknown 
quantltj, we have 

2 It 

To i1n<l from this what value of i corresponds to tlie greatest value of ic, it 
may bi> remembered that a negative quantity cannot have a square root, and 
that therefore tlie greatest value that ur can possibly have will occur vrlien 



W tin cnirent will be reduced to half its original value. 
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it ■would have if the motor were at rest. In fact, we here 
prave the law of Jacob! for the maximum rate of doing woik. 
But here, since 



or 

E_ 
E 
whence it follows also that 



i=i: 



\v 

That is to say, the efficiency is but 50 per cent, when the 
motor does its work at the maximum mte.' 

1 It may be worth while 10 recall a precisely parallel case that occurs in 
calculating the currents from a voltaic battery. Every one is familiar with 
the rule for grouping a batlerj' which consists of a given number of cells, 
that they will yield a maximum current through a given external resistance 
when ao grouped that the internal resistance of tlie battery shall, as nearly 
as possible, equal the external resistance. But this rule, which ia true tor 
maxiuiuui current (and, tlierefore, for maximum rate of using up the zluc 
of one's battery), is not tije case of greatest economy. For If external and 
Internal resistance are equal, half the energy of the current will be wasted 
in the heat of the cells, and half only will be available In the external 
circuit. If we want to get the greatest ecopomy, we should group our cella 
so as to have an Internal resistance much less than the exLernal. We shall 
not get so strong a current, it is true ; an<l we sliall use up our zincs mor« 
slowly; but a far greater proportion of the energy will be e:ipended use- 
fully, and a far less proportion will he wasted in lieating the battery cells. 
The maximum economy will, of course, he got by tu&king the estema) 
resistance infinitely great as compared with the internal resistance. Then 
all the energy of the current will be utlllied in the external circuit, and 
none wasted In the Imtlery. But it would lake an in^ltely long time to 
get through a flnlte amount of work in this extreme case. The same khid 
of reasoning Is strictly applicable to dynar.os used as generators, the 
resistance of the rotating part of (he circuit being the counterpart of the 
internal resistance of tlie battery ei-lla. For good economy the resistance 
of the armature should be very low as compared with that of the external 
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Graphic Represeniation of Laws of Motors. 

Several graphic constructions have been suggested to 
convey these facts to the eye ; one of these enables us, in one 
diagram, to exhibit gpaphicnUy both the law of maximum 
rate of working, and the hiw of efficiency.^ 

Let the vertical line, A B (Fig. 369), represent the electro- 
motive-force E of tlie electric supply. On A B construct a 
square A B C D, of wliich let the diag- p,Q_ 8gB_ 

onal B D be drawn. Now measure out 
from the point B, along tlie line B A, the 
counter eleetivmotive-force E of tlie 
motor. The length of thia quantity will 
increase as the velocity of the motor 
increases. Let E attain the value B F, * 
Let ua inquire what the actual current 
will be, and what the energy of it ; also 
wliat the work done by the motor is. Firet complete the 
constiTiction as follows ; — Through F draw F G H, parallel to 
B C, and through G draw K G L, parallel to A B. Then the 
actual electromotive-force at work in the machine producing 
a current is E- E, which may be represented by any of the 
lines A F, K G, G H, or L C. Now the electric energy 






expended per second is Ei; and since i 



_E-E, 



it may be 



■gCg- E); 

K 

and the electiic energy utilized by tlie motor, measured in 
icatta, is 

E(.g-E>. 



R being a constant, the values of the two may be written 
respectively 

^(J?-E)andE(B-E). 

) See paper by the aiitlior in llie Pliilcwphieut MHijazine, Feb, 1gA3. 
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Now tile aiea of the i-ectangle 

AFHD = ^(^-E), 

and that of tbe rectangle 

GLCH = E (J^-E). 

The ratio qf these two areat on the diagram is the efficiency of 
aperfect motor, under tJie condition of a given constant electro- 
motive-force in the electric supply. 

Turn to Fig. 370, in which tliese ai-eas are shaded. This 
figure represents a case where the motor is too heavily loaded, 

and can turn only very slowly, so 
Fia 870. that tlie counter eleetroraotive-force 

E is very small compared with E. 

Hei-e the area which repr^ents the 
_, eiieigy expended, is very large ; 

while that which represents useful 

work I'ealized in the motor is very 
2 smalt. . The efficiency is ohviously 

very low. Two-thirds or more of 

the energy is being wasted in heat. 
f So far we have assumed that 

the efficiency of a motor (working 
with a given constant external electromotive-force) is to 
be measured electrically. But no motor actually converts 
into useful mechanical effect the whole of the electric enei^y 
which it absorbs, since part of the enei^y is wasted in friction 
and part in wasteful electro-magnetic inactions between the 
stationary and moving parts of the motor. What we are 
expressing thus as useful work is the work actually delivered 
to the armature to drive it, ' It is a mere matter of good 
engineering how small a percentage of this must be discounted 
for friction ia the bearings, eddy-currents, hysteresis, and the 
like. If, however, we might considerthe motor to be Aperfect 
engine (devoid of friction, not producing wasteful eddy- 
currents, running without sound, giving no sparks at the 
collecting-brushes, &c.), then we might take the mechanical 
output as being preciaelj- equal to the actual power delivered 
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electrically to the armature. Such a " perfect " electric engine 
would, like the ideal " perfect " heat engine of Caniot, he 
perfectly revei-sible. In Carnot's lieat engine it is supposed 
that the whole of the heat actually absorbed in the cycle of 
operations is conveiied into useful work ; and in this case the 
efficiency is the ratio of the heat absoibed to the total lieat 
expended. As is well known, this efficiency of the perfect 
heat engine can be expressed as a function of two absolute 
temperatures, namely, those respectively of the heater and of 
the refrigerator of the engine. Carnot's engine is also ideally 
reversible ; that is to say, capable of reconverting mechanical 
work into heat. 

The mathematical law of efficiency of a perfect electrio 
engine illustrated in the above construction is an equally ideal 
case ; and tlie efficiency can also be expressed, when the 
constants of the case are given, as a function of two electro- 
motive-forces. We shall return to this comparison a little 
later. 

The Law of Maximum Activity. 
Let us next consider the area G L C H of the diagram 
(Fig. 371), which represents the work utilized in the motor. 
The value of this area will vary with the position of the point 
G, and will be a maximum wlien G is f,q_ g^j^ 

midway between B and D ; for of all I 
rectanglea that can be inscribed in the 
triangle BCD, the square will have 
maximum area (Fig. 371). But if G is f 
midway between B and D, the rectaiu^le 
G L C H will be exactly half the area of 
the rectangle A F H D ; or, the useful 

work is equal to half the energy ex- 

pended. When this is the case, the „ , „''„-„ 

*^ ' TION OF JaCOBI 8 

counter electromotive-force reduces the Law op Maxuiuu 
current to half the strength it would have AcnvrrY. 

if the motor were at rest J which is Jacobi's law of the efficiency 
of a motor doing work at its greatest possible rate. Also F 
will be half-way between B and A, which signiJies that E ^ J J?. 
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Law of Maximum Efficiency. 

Again, consider tliese two rectangles when tlie point G 

moves indefinitely near to D {Fig. 372). We know from 

common geometry that the rectangle (1 L C H is equal to the 

rectangle A F G K. The area (nquai-e) K G H D, which is 

the excess of A F H D over A F G K, represents therefoi-e 

no. 378. ^^ electric energy which is wasted in 

. heating the i-esistances of the motor, 

Tluit the effieieiicy should be a maximum 

, the heaMvaste must be a minimum. 

In Fig. 369 this corner squai'e, wliieh 

stands for the heat-wast«, was .enonnous. 

Ill Fig. 371 it was exactly half the 

enei^y. In Fig. 372 it is only about 

one-eiglitli. Clearly, we may make' the 

Geometric Illitstea- heat-waste as small as we please, if only 

TioN OF THE ^g y;{\\ tjiif e tiig point F very near to A. 

Law of Maxihuu ryi m ■ ii i, i 

Efficiency emciency will be a maximum when 

the heat-waste is a minimum. Tlie 

ratio of the areas G L C H and A F H D, which repi-esents the 

efficiency, can therefore only become equal to unity when 

the square K G H D becomes indefinitely small — that is, when 

the motor runs so fast that its counter electromotive-force E 

differs from Ehy an indefinitely small quantity only. 

It is also clear that if our diagram is to be drawn to repre- 
sent any given efficiency (ior example, an efficiency of 90 per 
cent.), then the point G must be taken so that area G L C H 
= -j"5 area A Fit D ; or, G must be -^^ of the whole distance 
along from B towards D. This involves that E shall be equal 
to j*ij of E, or that the motor shall run so fast as to reduce 
the current to -^ of what it would be if the motor were 
standing still. Thus we verify, geometrically, the law of 
maximum efficiency. If there is leakage in the line, then, as 
Professor Oliver Lodge and Mr. G. Kapp ^ have pointed out, 
this law will require modification, for tlie higher the counter 

1 See Kapp's EltKlric TTammUnion of Entryy (It^l), p. 165, 
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electromotive-force of the motor, the higher will be the 
X)Otential of the line and the greater the loss by leakage. 

Further, if the motor be not a " perfect " one, but one 
whose intrinsic efficiency, or efficiency per «e, ia known, the 
actual mechanical work performed by the motor can be rep- 
I'esented on the diagram by simply retrenching from the 
lectangle G L C H the fi-action of work lost in friction, &c. 
Similarly, in the case where the electric energy expended has 
been generated in a dj-namo-electric machine whose intrinsic 
efficiency is known, the total mechanical work expended can 
be represented by adding on to the area A FH D the propor- 
tion spent on useless friction, &e. To make the diagram still 
more expressive we may divide the area K G H D into slices 
proportional to the several resistances of the circuit ; and the 
areas of these sevei-al slices will represent the heat wasted in 
the respective parts of the circuit. 
These points are exemplified in Fig. ^°- ^''^■ 

373, which represents the transmission 
of power between two dynamos, each I 
supposed to have an intrinsic efficiency 
of 80 per cent., each having 500 ohms 
resistance, working through a line of 
1000 ohms resistance, the electro- 
motive-foi-ce of tlie machine used as 
generator being 2400 volts, and the counter electromotive- 
force of the machine used as motor being 1600 volte. 

The entire upper area represents the total mechanical work 
expended. Call this 100. It is expended as follows : — 
a ^ 20, lost by friction, &c., in the generator ; h ^ 6i, lost in 
heating generator ; c= 13 J, lost in heating line-wires; d=i 
61, lost in lieating motor; €==101, lo^t in friction in the 
motor ; w = 42| is the percentage realized as useful mechan* 
ical work. 

When the mechanical losses are thus taken into account 
it becomes evident at once that the maximum efficiency will 
be at some value of E less than E. This is considered further 
in Chapter XXVI. on the Tiansmission of Power, 

It is now evident what we have to do to obtain any desii'ed 
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percentage of efficiency. Suppose cuirent is supplied at 100 
volts at the mains: then to utilize 90 per cent,, we muat employ 
as motor a dynamo wliich, when running at its proper speed 
and output, genei-ates an electromotive-force of 90 volts, 

We may now extend the graphic method to two further cases. 

Suppose that E\& no longer taken as a constant, but that 
the work to be done by the motor per second is a constant. 
For this case we may write equation [II.], p. 562, as 
E {E~ E) — IB R. 

This equation is graphically represented hy the curve P H Q 
^Fig. 374), in which the values of E are plotted as abscisste and 

Fia. 37t 




I c 



those of E as ordinates From this curve it is at once seen that 
there will be a certain minimum value of £" which will sufBce 
to give to the motor the prescribed amount of energy per second. 
The cui-ve is so drawn that it pusses tlivougli the corner H of 
all tlie areas equal to G L C II drawn to flt under-the diagonal 
of the square. Of these areas, which represent equal work 
done by the motor, the one which has minimum value of ^ia 
the square which fits to the apex of the curve and corresponds 
to the case where E—'l'E.. This result, which was first pointed 
out by Prof, Carhart,^ is the converse of Jacobi's law, and, like 
it, involves an efBciency of only 50 per cent. A much higher 
efficiency is obtained when E and E are both greatfir, as 
indicated by the square drawn through the jjoint k. 
n Journal nf Scirnce, xxai. 05, 1886. 
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Again, suppose that W, the work supplied electrically, is 
maintained constant ; for this case {Fig. 375) we may write 
equation [I.], p. 561, in the form 

giving us the curve T H S. In this case £ is a minimum when 
E is zero, and all the work is wasted in heat ; and w, the wSrk 
of the motor, ia a maximum only when both E and E are in- 
finitely great. This result is also due to Carhart. 
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It only remains to pomt out a curious contrast that presents 
itself between the efBciency of a perfect heat engine and that 
of a perfect electric engine. We saw that the one could be ex- 
pressed as a function of two temperatures, whilst the other 
could be expressed as a function of two electromotive-forces.. 
But in the heat engine the efficiency is the greatest when the 
difference between the two temperatures is a maximum ; whilst 
in the electric engine the efficiency is the greatest when the 
difference between the two electromotive forces is a minimum. 
The two cases are contrasted in Figs. 376 and 377, Fig. 37ff 
showing the efficiency of a heat engine working between 
temperatures T and ; (reckoned from absolute zero) ; whilst 
" Fig. S77 shows the efficiency of an electric engine receiving 
current at an electromotive-force £!, its counter electromotive- 
force being E. Joule's remark, here illustrated, that an 
electric engine may he readily made tn be a far more efficient 
engine than any steam-engine, is amply justified by all experi- 
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ence. The rapid extension in the use of electric motors, lai^ 
and small, which has taken place during the past few years, 
proves that where power can be produced sufficiently cheaply 
on the large scale, either from natural sources, such as water* 
power, or by large steam-engines burning cheap coal, such 
power can be electrically distributed to smaller motors (not 
exceeding a few horse-power) with an economic result ; for the 
Fio. 876. Fio. 877. 




Heat Ekoine and Blectbic GNOnn: contrasted. 
cost of erecting, maintaining, and supplying the electric power 
to such motors is less than the cost of erecting, maintaining, 
and supplying fuel and water to email steam-engines .of equal 
power. 

Speed akd Torque of Motors. 

Certun very important relations subsist between the condi- 
tion of the electric supply and the speed and tumiug-moment 
of a motor. 

In Chapter V., on Mechanical Actions and Reactions, it 
was set fgrth that the power transmitted along a shaft is die 
product of two factora, the speed and the torque (or turning- 
moment). If " stands for the angular velocity and T for the 
torque," then 

" T = mechanical work per second, or power. 

> It n be the number of revolutions per »teon<l, then 2 v n — h. Also If F be 
the transmitted pull on the belt (or mther the difference between the pull in 
that part of the belt which Is approachlug the driviug pulley and the putl 
in that part which is receding from the driving pullej'} in pounds weight, 
and r be ttie radius of the policy, P r = the tumiDg-moment or torque = T, 
then uT = 2'nrF=' the numl)er of foot-pounda per second transmitted 
by the belt. Tbte may also be proved as follows : Horse-power b product 
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This may be expressed in watts by use of the proper co- 
efficient. 

Now if E is the electromotive-force generated by the 
aimature, and i the current through it, the electric enei^ per ■ 
second in the armature is the product ; — 

E I ^ electric work per second (in watts ^). 

If the whole of these four quantities, », T, E, and i, are 
armature quantities, strictly, we may equate the electrical and 
mechanical expressions together; and the equation will be 
true for either a motor oi- a generator. In the generator, E 
and i are in the same direction and T opposes » ; or there is 
a counter-torque. In the motor, T and a are in the same 
direction, but E opposes t ; or there is a counter^lectromotive- 
force. 

In treating of the dynamo as a generator, it was assumed 
that the mechanical power could be supplied under one of the 
two standard conditions, on the one hand of constant speed 
(and torque varying with the electrical output), or else on the 
other (p. 130) of cimstant torque (and speed varying with the 
output). One of these two conditions being prescribed, 
algebraic expressions had then to be found for the two cor- 
responding factors of the electric output, namely, the electro- 
motive force and the current, under varying conditions of 
resistance in the circuit. Also we investigated these condi- 
tions which would result in making one or other factor of the 

of the force Into the velctclty. The circumference of the pulle; la 2 ■- r, 
Mid it turns n times per second, therefore the circumferential velocity Is 2 
ir r n, and this, multiplied by F, gives the work per second. If F is eiL 
preaeed In graiumea weight, and r In centimetres, then 2 r r » F will give 
the power In gramme-centimetres, and must be divided by 7*6 X 10" to bring 
it to horse-power, and must Ira multiplied hy 961 X 10-' to bring It to 
watts. If w Is in radians per second and T in cent[nietre.dynes, then the 
product will be in ei^ per second, and can be brought to watts bydlridlng 
by 10'. 

I Since 1 volt =■ 10* C.G.S. uaita of electromotive-force, and 1 ampere 
= 10 -> C.G.S.unlts of current, 1 watt (or volt-amperei will be = 10' C. 
O.S.units of work per second = 10' ergs per second ^ 10' -~ 961 gramme- 
centimetres per second. 
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electiie output constant. It was found conveiiient to study 
the relation between the two faetore of output by the aid of 
the curves known as characteristics. 

Similarly, in treating the dynamo as a motor, it will be 
assumed that such arrangements of electric supply can be 
made that the electric power can be furnished under one of 
the two standard conditions, on the -one hand of constant 
potential (and current varj-ing with the mechanical output of 
the motor), or on the other of constant current (and potential 
varying with the mechanical output). One of these two con- 
ditions being prescribed, we shall then have to find algebraic 
expressions for the two corresp«nding factors of the mechani- 
cal output, namely, the speed and the torque, under varying 
conditions of load on the shaft. Also, we shall investigate 
what are the conditions which will result in making one or 
other factor of the mechanical output constant: in other words, 
we shall ascertain what are the conditions of self-regulation 
to make the motor run at constant speed or with constant 
torque. Lastly, it will be found convenient to study the 
relation between speed and torque by the aid of curves, which, 
by analogy, we may call mechanical characteristics. 

Geneeal Expressions tor Tobque and Speed, 

The work imparted per second to the shaft of the motor 
may be expressed either in electrical or mechanical measure. 
In the former case it is the product of the motor's electro- 
motive-force (i. e., the counter electromotive-force opposing 
the electromotive-force of supply) into the current flowing 
through the armature ; in the latter case it is the product of 
angular speed into torque. So we may write 
w=Ej^ = „T = 2xnT; 

and (aven^) E = n C JS" exactly as in a dynamo that is 
being used as a generator (see p. 211). Hence 
2'nT = MCN4, 
2'T = CNC; 
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and finally the average value of the torque will be 

T=i.|f W. 

From this it appears that if M is constant, tlie torque is 
simply proportional to the current in the annature. 

To develop this expression further, we nn^t remember 
that i can be calculated in terms of the electromotive-force 
of supply E^ as measui'ed at the terminals of the machine, 
and the internal resistance of the circuit through tlie arma- 
ture part, which we call r ; and then 
. _ .g-E . 
"~ r 
whence it follows that 

T = ^IJ E-nCs . , . [^]. 
2, " r 

Prom this it follows that when the speed becomes so great 
that n C If = ^, there will be no torque. In fact, when 
there ie no resisting force on the shaft the motor runs empty 
at its highest speed, namely, such as will make the counter 
electromotive-force as nearly as possible equal to the electro- 
motive-force of supply. The maximum value of T, suppos* 
ing jy constant, is obviously when n = 0. 

An expression for the speed can be obtained from the pre- 
ceding: 

2x Tr = CN-E-nC»N^ 

In equation [d\ T will be ezpreased in d^me-centimetres U J^ ia Id ab- 
solute anitB of current (see p. 18) ; if u is gi^'c iu amperes, then the 
value must be divided b; 10 if T is to be obtained in dyne-centimetres, 
or by 9810 if it is to be obtained in gramme-centimetres, or by 1856 X 
10 ' if the torque is to be expressed in pound-feet (i. e. so many pounds 
weight acting at a radius of one foot). 

In equation [7], in order that n may be expressed in revolutions per 
second, the value of E, if given in volts, must be multiplied by 10": that 
of r, if in ohms, by 10 • ; whilst T must be reduced to dyne-centimetres. 
If T is given in pound-feet, its value must be multiplied by 1-858X10', 
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[Examples : — (1) In one of Brown's 4-pole machines used as 
motor C — 368 ; i„ = 275 ; giving 250 IIP. at 500 revs, per 
minitte. Calculate the number of m^netie lines that must 
go through the ai'mature. (2) A 2-po1e motor is required to 
supply 4 HP, in an arc-light circuit in which the current is 
kept at 10 amperes: How many volts must it generate? As- 
sume M" — 2,000,000, and that the speed is 15 revs, per second, 
how many armature conductors must it have?] 

[The three equations [t>], [ffl, and [7] are true, not only 
for motore, but for generatoi-s, the ^of the formulae being in 
the latter case replaced by e. This will give negative values 
for T, the significance of the sign being that the torque due * 
to the action of the magnetic field on the conductors carry- 
ing the armature current is such as to oppose the driving.] 

It will be noticed that if only r is very small, and N rela- 
tively very large, the second tej-m may be neglected, and the 
speed will then depend on the fii«t teim only. It will be 
.the smaller as If ia greater: this being the simple converse 
of the corresponding fact that the more powerful the mag- 
netic field the less need be the speed of the dynamo to give 
the desii-ed output. We may also notice that if H is con- 
stant, the speed is proi)ortiona) to -B : it will be constant if 
the condition of supply is that of constant potential, but will 
be variable if E varies. Another important point is that, if 
a motor is to do its work at a slow speed, C should be great 
as well as W- 

We must next inquire how n and T are affected by the 
fact that the value of W depends upon the construction and 
winding of the fieltl-niagnet of the motor, and by the condi- 
tions of supply. We shall consider the following kinds of 
machine : — 

A. Magneto Motor and Separately-excited Motor. 

B, Series-u'oimd Motor. 

C. Shvnt-tcound Motor. 

D, Compound-wound Motor. 

Ill each instance we shall have to take into account the 
conditions of supply, according as IE ot i is constant. 
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Magneto Motor axd SEPABATELY-ExcrcED Motor. 

It is here assumed that 17 is constant, in other words, that 
the perturbing reactions of the armature may be neglected. 
This will only be true when the lead at brushes is nearly zero, 
and the field-magnet powerful. Under these circumstances 
the general formulBS already found require small modification. 
The only internal resistance is that of the armature ra. 

Case (i.) : Econgtartt. 

In this case formula [-,] gives the desired relation, from 
which the mechanical eharacteristic may be plotted out, as in 
Fig. 878. It is a straight line cutting the axis of n at a point 







1 
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Mechanics Chaeacteeistics of Maqneto Motor. 

representing to scale that speed at which nCTS = E; and it 
slopes downwards at an angle such that the tangent of the 
elope is equal to 2 w r^ -=- C N', or is proportional to the 
internal resistance. In the case of the separately excited 
motor, increase in the exciting cun'ent, strengthening the 
field, will obviously make the sloping line more nearly hori- 
zontal, as well as lowering the speed as a whole. 

If we attempt to take into account the I'eactions of the 
armature, we must remember that the effect of the armature 
current is to demagnetize, if there is a backward lead, and to 
magnetize if there is a foi'ward lead. A backward lead, then, 
would tend to make the sloping line, at constant -B, rise and 
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T)ecome more level as tbe torque increased, because it 
would weaken the magnet, and ao let the speed increase ; 
whilst a forward lead would tend to make it slope still more. 

Practical Determination of the Proper Potential for Given 
Motor, 

Suppose a. motor having a certain steel magnet and a certain 
armature be given, and let it be required to determine the 
potential at which it will give a certain speed. Kun the 
motor on open circuit as a generator at the given speed, and 
observe the potential at its terminals. That is the number of 
volts E with which it must be supplied, 

Case (ii.) : i constant. 

In this case as reference to formula [a] shows, the torque 
is constent, being independent of speed and of internal resist- 
ance. The mechanical characteristic of the machine under 
these conditions is a vertical straight line. 

Series Motou. 

The fundamental equations are as before, with the addition 
of the following : — 

r = r„-^r^\ 

but now we may with advantage introduce the approximate 
formula for the law of tlie electromagnet (derived from 
Frolich's) given in Chapter VI., and write, as on p. 166, 
where i' is Uie diacritical current, 

Putting this value of If into the expression [a], on p. 567, for 
the torque, and writing for brevity g = Y, we have 



This relation between torque and current is given graphically 
in Fig. 379, For values of % that are small as compared with 
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if, T Tari^ nearly as t' ; whilst for large values of i, as 
magnetic satoration advances, T j& nearly proportional to i. 
The equation may also be written in the quadratic form 




the solution of whioh is 



-TT) 



^-A^W^\ 



Koir from the expression given above Tve have 

„ -g'' '■(••+0 

2'T 2' Y ' 
and inserting the value of i as above 

To simplify this hyperbolic expression, it is permissible for 
large values of T to neglect the second term under the root 
sign, giving apptuximately, 



"2»Y 



S-r 



r T 
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Case (t.) : E ametant. 

If S is constant, then, as the last equation shows, for lai^ 
values of T the values of n are equal to a certain constant less 
a quantity proportional to T ; or the mechaaieal characteris- 
tic at this point (when the magnets are well saturated) is, for 
all large values of T, approximately a straight line as showu 
in Fig. 380. 




MeCHAHICU. CHARACTERISnCS OF 8ERIB8 UOTOB. 

Case (ii.) : i constant. 

Here, clearly, saving for secondary efEecta, the magnetiza- 
tion will be constant; hence the torque will also be constant, 
as in Fig. 380. With a load exceeding a certain amount, the 
motor will not start; with a lesser load it will race until 
friction and eddy-currents make up the difference, 

The properties of series-wound motors are so important 
that we may pause to consider them a little more fully. We 
know that if the current running through a series dynamo be 
constant, so that its magnetism is constant, the electromotive- 
force it develops is almost exactly proportional to its speed. 
It therefore follows that if E is proportional to ", T will be 
proportional to i. This is abundantly verified in the case of 
series motors by experiments. When a Siemens series 
dynamo was arranged to lift a load of 56 Ibe. on a hoist, is 
lifted this load at the rate of 212 feet per minute, developing 
a counter electromotive-force of 108-81 volts. The applied 
electromotive-force was 111 volts, and tlie resistance of the 
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circuit was O-S ohm, ' The effective electromotive-force was 
therefore 2-19 volts and the current 7-3 amperes. When the 
resistance of the circuit was increased to 2-2 ohms, the speed 
fell to 169 feet per minute, the counter electromotive-foree to 
94-94 ; the effective electromotive-force, £ - E, was there- 
fore 16-06 volts, and the current 7-3 amperes as before. 
When 4-8 ohms were inserted, the speed fell to 141 feet per 
minute, and E to 76 volts i E- E was 35 volts, and the cuiTcnt 
7'3 amperes as before. With the »ame load, the eame current, 
whatever the speed. The figures given on p. 556, relative to 
the Immi&ch motor also illustrate this point. Tlie speed of a 
given series-wound motor depends solely on tlie electi-omotive 
force of tlie generator and on the resistance of the circuit. 

The fact that the torque of a series motor depends only on 
the current is of advantage in the application of motors to 
propulsion of vehicles (such as tram-cars) which at starting 
require for a few seconds a power greatly in excess of that 
needed when running.' To start, a large current must be 
turned on. One convenient way of aiTauging this is to use 
two motors, coupled habitually in series. When starting, 
they are, by moving a commutator, coupled in parallel. This 
doubles tlie electromotive-force for each, and at the same time 
halves the resistance. For a few seconds a veiy strong cur- 
rent flows — much stronger than that which the motors would 
stand for any prolonged work — and so provides the needful 
additional torque. 

In the series motor, when supplied at constant potential, 
E is not proportional to the speed, because the field-magnet- 
ism is not constant, but falls off as E increases, being (if 
unsaturated) nearly proportional to ^ - E. It tlierefore 
will not run at a constant speed. Neither will it run at a 
constant speed if supplied with a constant cunent. 

Use of two Series Motors in TranBmission. — It is known 
tliat if two similarly-constructed series wound machines are 
used— one as generator, the other as motor — the aiTange- 
ment is almost perfectly self-regulating, the speed of the 

cl. pt. i. C. 
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motor at the I'eceiving end being Almost constant if that of 
the dynamo at tlie transmitting end is constant. Every 
addition to the load put upon the motor, tending to check 
the speed, causes an increase of current to flow, and so 
tlirows a proportionate additional work upon the generator, 
which in turn takes more power from the steam engine to 
keep up its speed. As we have shown above, the torque of 
the motor T, will depend, in the given machine, on the cur- 
rent alone, and on the current will depend the torque at the 
dynamo T^. Mr. Kapp has further shown* how, if tliere is a ' 
resistance in the line, the arrangement may atill be made 
self-regulating by choosing as generator and motor two 
machines so wound that, comparing their characteristics for 
the prescribed speeds, the difference in their electromotive- 
forces corresponding to ft given value of current shall be 
equal to the electromotive-force requisite to drive that par- 
ticular current liirough the resistance in the whole circuit. 
Some further particulars of series macliines are given in 
Chapter XXVI., on Transmission of Power. 

The late Sir C. W. Siemens'* drew attention in 1880 to the 
singular properties of the combination of a generating 
dynamo and a magneto motor, instancing a locomotive motor 
which, when descending an incline, quickens its speed and 
actually becomes a generator of currents, paying back the 
spare power into store. He also remaiked how two trains 
driven by motors running on the same pair of electric rails, 
tend to regulate one another, the one on a descending portion 
of the road transmitting power to the other, as though " con- 
nected by means of an invisible rope." 

Shunt Motor. 

The fundamental conditions are as follows : — 



' See E^p'a Electric Tran»mi»»ion of Energy, p. 176. 
*Jownat Soc. Telegr. Engineers, ix. 801, lS8a 
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and, adopting the appropiiate form for Hio law of magnetizt 
tion from p. 167. 

- » -ff 



E^S 



(x.^)-.. 



From the first three of these we get 

and, transposing and writing Y for C N -7- 2 ■■, 
. T E+S- S 

and from the last of the four 
Inserting the value of i, we have 

" t;^P + %, T — 2f-j- 

Case (i.) : JE e<m»tant. 

The last equation ebows that a shuut-motor, supplied at 
constant potential, will have a speed that would be coustant 
and independent of the torque if it were not for internal 
resistance ; and further, that the consequent falling off as 
the torque increases will be the less as the field-magnetism is 
the more powerful. 

Aa an example, a Tlctorla sbont molor tested by Mr. Mordey, In wblcb 
the load was varied from 9r8 X 10" to 135T2 X 10' dyne-ceutlmetreB, only 
decreued Its apeed from 16*25 to 15*75 revolutions per second. 

It is instructive to contrast the self-regulating power of a 
shunt dynamo with the self-governing power of a shunt motor. 
The former, when driven at a constant speed, generates 
electric power at a nearly constant potential; the latter, 
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when supplied from the mains at a constant potential, would 
furnish mechanical power at a nearly constant speed j and 
in both cases the departure imm absolute constancy is pro- 
poilioiial to the internal resistauce of the armature coils, and 
to the output, electrical or meclianical, of the machine for 
the time being. 

So far we have supposed the armature to exert no mag- 
netic reaction. Now, as we shall see, to obtain sparkless 
running there must be a backward lead, and in motors a 
backward lead tends to demf^etize. But demagnetizing 
tends, as we have seen, to increatse the speed ; hence in the 
case of constant-pressure supply, when there is a great load, 
the very reaction of the great current will t«nd to prevent ■ the 
speed from falling, making the shunt-motor very nearly self- 
regulating. These reactions must now be considered in detail. 

Case (ii.) : i conKtant. 

Tlie determination of this case is more complicated, though 
the general conaidei'ations are simple enough. If the motoi 
Fia.88L 



UBCHANIOAL CHAAACTTEBISnCS OF SHUNT UOTOB. 

is standing still when the current is turned on, nearly all the 
current will go through the armature, next to none through 
the shunt ; hence there will be little magnetism, and therefore 
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almost no torque. Such a machine will not start itself with 
any load on ; but if it be once started, its counter electromo- 
tive-force will cauee the current in the armature to decrease, 
whilst that round the shunt inci-eases. Tlie torque will there- 
fore then inci'ease with the speed, but not indefinitely, for as 
the magnetism advances in its degree of saturation, the 
increase of N will no longer compensate for the decrease of 
ta ; and from that point onwards the torque will decrease if 
the speed is allowed to increase. And, hypothetically, the 
speed should increase until the motor's own electromotive- 
force exactly equals the difference of potentials due to the 
whole of the constant current flowing through the resistance of 
the shunt, under which cii-cumstances there will be no current 
through the armature and zero torque. Fig. 381, which, like 
the pi-eceding, is taken from Dr. Friilich's work, gives the 
mechanical characteristics for the two cases. 

Reactios betweex Armature and Field-magnets 
IN A Motor. 

In Chapter IV., pp. 62 to 108, the reactions between the 
armature and field-magnets of a dynamo were considered in 
detail, but attention was confined solely to that which occurs 
when tlie dynamo is used as a generator. In that case the 
current induced in the armature coils tended to magnetize 
the armature core in a dii'ection nearly at right angles to the 
direction in wliich the field-magnets magnetized it, and in 
consequence there was a resultant magnetization at an 
oUique angle. This obliquity compelled a certain angular 
lead to be given to the braslies in the sense of the rotation ; 
and the necessary result of the forward lead of the brushes 
was to cause the armature current to tend partially to de- 
magnetize the field-magnets. Reference to Fig, 59, p. 76, 
will show tliat wherever the brushes are placed there itf a 
tendency to form corresponding poles, and these armature 
poles tend to produce in the iron pole-piece of the field- 
magnets an opposite polarity to their own, and therefore to 
weaken or strengthen tlie field according to tlie lead. The 
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same thing is true of n motor ; but v/'i\X\ a difference. A 
current supplied fiom an external source magnetizes the arma- 
ture and makes it into a powerful magnet, whose poles would 
lie, as in the dynamo, nearly at right angles to the line join- 
ing the pole-pieces, were it not for the fact that in thisi case 
also a lead has to be given to the bmslies. Suppose, as in 
most of the drawings in this book, that the S pole of the field- 
magnets is on the left, and the N pole on the right. Also 
that the current ao traversed the armature that it caused the 
highest point to be a S pole and the lowest point a M pole. 
This means that if the armature is wound right-handedly the 
current must come in through the top brush and leave by the 
bottom one, the top brush being connected to the + main. 
Compare with p. 64. Clearly, in this case, the armature 
will rotate right-handedly, because the S pole at the top will 
be repelled from the S pole on tlie left and attracted toward 
the N pole on the right. It will therefore run right-handedly 
(in a rightr-hand field) when the current flows downwards 
from top to bottom, exactly as the armature of a generator 
must run in order to send a current upwards. In each case 
the direction of the induced electromotive-force is the same — 
upwards — with the current in the dynamo, against the cur- 
rent in the motor. 

It follows that a forward lead would convert the cross 
magnetizing-foree into one that tends to increase that of the 
field-mf^net, whilst a backward lead tends to demf^etize. 
Furtlier, since with a forward lead the armature polarity 
strengthens that of the field-magnet, it is possible for a motor 
to be worked without any other means being taken to mo- 
netize the fleld-magnets, the armature will induce a pole in 
the field-magnet and then attract itself round towaitls thia 
■ induced pole. This principle has been used for many years 
in small motors, having been apx)arently fii'St applied by 
Wheatstone. 

The cross-magnetizing foi-ce will also have the effect of 
weakening the field under the two leading pole-tips, and of 
strengthening them under the two trailing pole-tips. Tliis 
is the opposite effect to that in a dynamo. In the motor 
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(without lead even) tlie eroas-magnetizing reaction tends to 
shift round the field in a sense opposite to that of the rotation. 
We shall now see what are the conditions for minimum 
sparking. Consider (Fig. 382) a coil W ascending on the 
left. The current in it is descending from the top brush, 
whilst it is itself the seat of an electromotive force that tends 
to stop or reverse its current. Now we know that the condi- 
tion of uonrsparking requires that at the moment whilst the 



r THE ABHATUSE OF A 



coil passes under the brush, and is short-circuited, it should 
be passing through a field that is not only suiBciently strong, 
but one that tends to reverse the direction of its current. It 
is already in such a field ; hence the act of commutation must 
take place hefore it passes out of this magnetic field. It must^ 
be commuted before it anives at the highest point. In other 
words, a backward displacement must be given to the brushes 
if there is to be no sparking. The neutral line n n' will there- 
fore rake hackicards in a motor into the fringe of the magnetic 
field. But since (in every case) both eddy-cuiTents and 
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hysteresis tend to shift the m^netic field slightly in the 
direction of the rotation — increasing the lead in a generator, 
dirainiahing it in a motor — it follows that the negative (or 
backward) lead in a motor may be slightly less than the 
positive (or forward) lead in a generator, for equal flow of 
current and equal excitatiou-' Tlie advant^;e in point of 
weight of a motor in which the armature should help to excite 
the field-magnets, thereby reducing the power and weight 
of the latter, led Professors Ayrton and Perry,' in 1883, to 
advocate designs with weak field-magnets and powerful arma- 
tures acting with a forward lead. But from the foregoing 
considerations it follows that if a forward lead is given to the 
brushes of a motor in order to get a more powerful rotation, 
the motor will inevitably spark at the brushes. The fasci- 
nating notion of using the armature to magnetize has proved 
a failure in practice. With a forward lead the motive power 
relatively to weight would be undoubtedly larger than ^vith a 
backward lead, but it is accompanied by destnictive sparking. 
Minimum of sparking may be reconciled with high efficiency, 
but only by ono way. Tliat way is to design and construct 
motors so that the armature shall not perturb the magnetic 
field due to the field-magnets. This can be accomplished 
by following out the veiy same principles of design and 
construction which were found to be con-eet guides in the case 
of dynamos used as generatoiB. The Jieldtna;/neti mu»t be 
made very powerful in proportion to the annafure. If they are, 
then there will be no perturbations, no obliquity in the 
resultant m^netic field, no lead to tlie bruslies, and no 
sparking. Only in a few cases when minimum weight la of 
more importance than high efficiency, can this rule be departed 
from, and then it becomes necessary to take special means, 
8Uch as providing auxiliary poles, or specially shaped pole- 
pieces, to prevent the sparking which would follow from 
having small or weak field-magnets, 

' This appears to be llie explanation of Llie differences — otherwise iintn)~ 
portant— observed by Snell ; Journal last. EUetr. EnyiaeerB, xlx. IM, 

isea 

'Jovmai 8tic. Telegr, Ungineera, xli., May, IS88. 
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Mr. Monley,^ who has carefully tracked out the analogies 
between dyiiiiiuo3 and motors, has obser\-ed that in several 
respects it is even more important that the rules laid down 
for the good design of generators should be observed for 
motors. Eddy-currents must be even more carefully eliml- 
nated. Also the greatest attention must be paid to proper 
mechanical arrangements for transmitting to the shaft the 
forces tliat are thrown by the magnetic field upon the con- 
ducting wires around. See Chapter XIII. 

Consider the conditions which are bound up in the dis- 
position of the magnetic fields of the generator and the motor 
respectively. In one the armature is mechanically driven 
round while the magnetic forces in the field tend to pull 
it back. In the other, tlie m^netic foixies of tlie field tend 
to drag it round, and it is thereby enabled to do mechanical 
work. In one case there is an opposing mechanical reaction 
tending to stop the steam-engine. In the other there is Fet 
up an opposing electrical reaction (the induced counter 
electromotive-force) tending to stop the current.* In both 
cases the rotation is supposed to be taking place in the same 
sense — riglit-bandedly. In both the effect is to displace the 
lines of force of the field, butin the generator the mechanical 
rotationacts as if it dragged the magnetism round, whilst in the 
motor the reciprocal magnetic reactions act as if they tried to 
drag round the armature, producing mechanical rotation. In 
the generator we found that the effect of self-induction in the 
armature was to require a positive lead. In the motor, on 
the contrary, the effect of self-induction is to necessitate a 
negative lead. If a motor is set with no lead, and if the 
field-magnets ai-e very weak or are not excited at all, it 
will run in either direction according as it may be started. 

>■ Phil. Mag., Jan. 1886. 

> The law of the electrical reaction resoltltig In a generator from the 
mechanical motion U summed up In the well-known law of Lenz, that the 
induced current is always nuch that by rlrlue qfits electro-magnetic effect 
it tends to slop the motion tliat generated it. In ttie converse caw of the 
mecbanloal reftction resulting, in a motor, from the flow of electric energy, 
It U easy to formulate a converse law, viz., that the motion produced i» 
alwaj/B »ttcli that by nirtue of the magneti>-€leclric induction* which U tela 
vp it tend* to atop the current. 
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If ill a motor with well'fixcited field-magnet the current be 
reversed in the armature part of the circuit only, the motor 
will usually reverse its rotation, but will usually require the 
lead to be reversed to run as sparklessly as before. If, i»- 
steatl o£ reversing the current in the armature, the magnet- 
ism of the field-magnet be reversed, a similar result will 
follow. If botli are reversed at the same time, the motor 
will g J on rotating as if nothing had happened, 

Bynamoe wound and connected for working as generators 
of continuous currents may be used in all eases as motel's, 
but with some difference. A series dynamo set to generate 
currents wlien run right-handedly (and therefore having a 
forward right-handed lead), will, when supplied with a cur- 
rent from an external source, run as a motor, but runs left- 
handedly against its brushes. To set it right for motor pur- 
poses requires either that the connexions of the armature 
should be reversed, or tliat those of the field-magnet should 
be revereed (in either of which oases it will run right- 
handedly), or else the brushes must be reversed and given 
a lead in the other direction (in which case it will run left- 
handedly). A shunt dynamo set ready to work as a gener- 
ator will, when supplied with current, run as a motor in the 
same direction as it ran as a generator ; for if the current in 
the armature part is in the same direction as before, that in 
the shunt is reversed, and vice vend. A compound-wound 
dynamo, set right to run as a generator will run as a motor 
in the reverse sense, against lis brushes if the series part be 
more powerful than the shunt, and with its brushes if the 
shunt part be the more powerful. If the connexions are 
such (as in compound dynamos) that the field-magnet receives 
the sura of the effects of the shunt and series windings when 
used as a generator, then it will receive the difference be- 
tween them when used as a motor. There are certain advan- 
tages in using a differentially-wound motor, as will appear 
hereafter. 

The subject of alternate-current machines as motors is 
treated separately in Chapter XXIV. 
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Reversing Gear Fos%foTORS. — A motor, as will be seen from 
the preceding discussion, can be revei-sed by the operation of 
revei"sing the current through the armature, and at the same 
moment reversing tlie lead. But reversing the current can 
also be accomplished by rotnting the brushes through 180°. 
Consequently, both these actions may be accomplished by the 
single operation of advancing the brushes through 180° — 2 *, 
where * ia the original angle of lead. But as the brush would 
then slant in the wrong direction, it is better to provide a 
second set of brushes. This ia, indeed, Hopkinson's method of 
reversing. He employs two pairs of brushes, each pair beiug 

Ro. 889. 



Revebsinb QiLAB FOR Elbctbio Motob. 

capable of moving about a common pivot, so that either the 
pair having a lead in one direction or the pair having a lead 
in the other direction can be let down uiH)n the collector, 
A reversing gear, designed by Mr. A. Reckenzaun for the 
motors of the launch Electricity, is shown in Fig. 383. 
In it there are two pairs of brushes ; the two upper are fixed 
to a common bruBb-bolder, which turns on a pivot, and can be 
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tilted by pressing a lever handle to right or to left. The two 
lower brushes are also fixed to a bolder. Against each brush- 
holder presses a little ebonite roller, at the end of a bent steel 
spring, fixed at its middle to the handle. The result of this 
arrangment 13 that, by moving the lever, the brushes can be 
made to give a lead in either direction, and so starting the 
motor rotating In either direction. Such a reversing gear ia 
obviously a most useful adjunct for industrial applications of 
motors, and if the ditSculties of sparking at the brushes caused 
by the sudden removals of them from the collector l>e obviated, 
must prove much better than any mechanical device to reverse 
the motion by transferring it from the axle of the motors 
through a train of gearing to some other axle. One great 
advantage of electric motors is, that they can be easily fixed 
directly on the spindle of the machine which they are to drive ; 
an advantage not lightly to be thrown away. 

Another form of reversing gear has been designed by Pro- 
fessors Ayrton and Perry. It consists of a double collar upon 
the spindle of the motor; in one, the inner collar, having a pin 
fitting into a spiral gi-oove in the spindle, and being free to 
move relatively to the spindle. Any displacement along the 
spindle given to the inner collar through the outer one causes 
the pin in the former to move along the groove, and the collar 
rotates through a certain angle. This collar, in Ayrton and 
Perry's motor, carries the brush-holders, and therefore by ro- 
tating niters the lejid. Slotora fitted with this gear were de- 
picted in earlier editions of this work. Other forms of revers- 
ing gear for small motors have been designed by the author, 
who cuts the segments of the collector or commutator spirally, 
and therefore obtains a change of lead by simply sliding the 
brushes forward or backward parallel to the axle of the 
motor. 

In Recltenzaun's motor the reversing gear consists of two 
pairs of brushes which are mounted so as to slide on guides or 
ways; revei'sal being accomplished by shifting a lever which 
slides forward one pair whilst it draws the other pair back. 

It is also theoretically possible to construct a motor which 
shall reverse by simply reversing the current in the armature 
part ; for this end the pole-pieces must be so shaped that when 
no angular lead is given to the brushes, the angle between the 
diameter of commutation and the effective pole in the ptde- 
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piece shall be that required for steady mnning. If this can be 
found, then merely reyeraing the polarity of either part will 
reverse the motor. 

If the fleld-raagnets of a motor are so powerful relatively to 
the armature thiit no lead has to be given to the brushes, the 
rotation can be reversed by reversing the polarity of either 
part. In Immisch's larger motors, the revei-sing gear, which 
is very substantial, removes one pair of brushes and puts down 
at the same diametral points a second pair, reversed in position 
and polarity. 

The form of brush shown in Fig. 276 c, p. 381, is designed by 
Holroyd Smith for motor work, as it allows of rotation in 
either direction. So also do carbon-brushes, such as Fig. 2T7, 
p. 382. 

Tio. 8B4. 
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Elbotbio Reversing Oeab fob a. Uotok. 
Another mode of reversing was suggested by the author ' in 
1882, It Is indicated in Fig. 384. It consists in joining one of 
the brushes to a point h:df-way along the field-mugnet coils, 
which, though connected across the mains as a shunt, must not 
be of very high resistance. The current in the armature can then 
be reversed by simply switching the second brush from onemain 
to the other. This principle is used in Maquaire's regulator (Fig 
486). 

1 SpeclftcalioD of Patent, Xo. -'>122 of 1S82. 
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Government op Motors. 

It ia extremely important that electric motors should be so 
arranged as to run at a uniform speed, no matter what their 
load may be. For example, in driving lathes, and many 
other kinds of machinery, it is essential that the speed should 
be regular, and that the motor should not " race " as sooa 
as the stress of the cutting tool ia removed. 

JtUerruptor Q-ovemor. — One of the earliest attempts to 
secure an automatic regulation of the speed was that of M. 
Marcel Deprez, who in 1878 applied an ingenious method of 
interrupting the current at a perfectly regular rate by inti"o- 
ducing a vibrating brake into the circuit. The motor em- 
ployed had a simple 2-part commutator, whose rotation timed 
itself to the makes-and-breaks of the current. This method 
ia, however, inapplicable to large motors. 
Fio. 886. 




Automatic CasTBiFcaAi. Qovehnob. 
Cbnteifugajl Governing. 
Spasmodic Governor. — Another suggestion, equally im- 
practicable on the large scale, was to adopt a centrifugal 
governor to open the circuit whenever the motor exceeded a 
certain speed. A motor so governed runs spasmodically fast 
and slow. 
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It is also possible for a centrifugal governor to be employed 
to vary the resistance of a part of the circuit ; for example, to 
work an automatic adjustment to shunt part of the cun-ent 
at a series machine from its field-niagneta, or to introduce 
additional resistance into the field-magnet coils of a sliunt- 
wound machine, in proportion to the speed. A ease is shown 
in Fig. 385, in which a centrifugal governor driven by the 
motor alters the numlier of exciting coils in the field-magnet 
circuit, causing the magnetism to increase if the motor runs 
too fast, and so brings down tlie speed again. This method 
was proposed by Brush, and answers well for motors in arc- 
light circuits. 

Periodic Governor. — Professors Ayrton and Perry liave 
also proposed several forms of "periodic" centrifugal gover- 
nor, a device by which in every revolution power is supplied 
during a portion of the revolution only, the proportion of the 
time in every revolution during which the power is supplied 
l)eing made to vary according to the speed. The main dif- 
ficulty witlisuch governors is to prevent sparking. But there 
is a still more radical defect in all centrifugal governors : 
they all work too late. They do not perform their functions 
until the speed has changed. Tlie perfect governor will not 
wait for the speed to change. 

DyNAMOMETRIC GOVBKNING. 

. The sutihor devised ' another kind of governor which is 
not open to this objectioQ. He proposed to employ a dyna^ 
mometer on the shaft of the motor to actuate a regulating 
apparatus, consisting, either of a periodic regulator to shunt 
or interrupt the current during a portion of each revolution, 
or of an adjustable resistance connected in part of the circuit. 
Tlie dynamometric part may take the form of a belt dyimmo- 
meter (such as A Iteneck's) or of a pulley dynamometer (such 
as Morin's or Smith's). In tlie latter case, which is tlie more 
convenient, a loose pulley runs on the motor shaft and is con- 
nected by a spring arrangement with a fixed pulley. The 
rotation of the motor will drag round the fixed pulley in 
1 Speciflcalloa of Patent, No. 1630 of 1883, 
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advance of the loose puUey, and the angular advance will be 
proportional to the turning moment or torque. The amount 
of such angular advance determines the action of the regu- 
lating part. The regulator in this case is therefore worked, 
not according to the speed of the motor, but accoi-ding to the 
load it is carrying. Any change in the load will instantly 
act on the dynamometric governor before the speed has time 
to change. If such a governor is puiposely over«et it may 
even have the effect of causing the motor to run feiSter when 
the load comes on than it does when running idle. 

Electbic Goveentng. 

Another method of governing, not requiring any rotating 
parts, has been proposed by the author. He uses as lield- 
magnets a double set of poles, set at different angles with 
respect to the brushes of the motor. One pair of magnetic 
poles, having a certain lead, is actuated by series coils, the 
other pair, having a different lead, by sliunt coila. When 
both shunt and series are working, there will, of coui-se, be a 
resultant pole having some intermediate lead. If the load 
of the motor is diminished it will tend to run faster, increas- 
ing the current in the shunt part, deei-easing it in the series 
part, and therefore altering the effective lead and preventing 
the increase of speed. 

In 1880 a motor was patented by Mr. G. G. Andr^ in 
which the field-magnets were wound in two separate circuits, 
one of thick and the other witli thin wire, the current divid- 
ing between them, and the armature was connected as a bridge 
across these cireuits exactly as the galvanometer is con« 
nected across the circuits of a Wheatstone's bridge. Motors 
governed on this principle liave been constructed, since 1884 
onwards, by Lieut. F. J. Sprague ; they showed remarkably 
good regulation. 

The method of automatic regulation that is most perfect 

in theory is undoubtedly that imagined by Professors Ayrton 

and Perry, and expounded in their paper in the Joumtd 

of the Society of Telegraph Et}ijmeers.'^ The theory of self- 

» Vol. xil., May, 16S3; see also a later paper in Phil. Mag., 1887. 
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regulation propounded by them demands the most careful 
attention. It is expounded in the following pages ; but the 
symbols employed have the same meaning as in the chapters 
which precede- Professors Ayrton and Perry originally 
employed an argument in which one part of tJie motor is 
regai-ded as acting as a brake to another part. The author 
prefers to regard the use of a shunt winding with an opposing 
series winding — which is the final result of this method of 
regulation — as simply a differential winding designed to pro- 
duce a certain result. 

Theory of Self-goveening Motoes. 

In the section on Self-regulating Dynamos, on pp. 277 
to 294, were set fortli the methods of solving the problem 
how to arrange a dynamo so that it shall feed the circuit 
with electric energy under the condition of a constant poten- 
tial, when driven at a constant speed. The solution to that 
problem consisted in the employment of certain combinations 
for the field-magnets which gave an initial magnetic field inde- 
pendent of the current that might be flowing in the main 
circuit. 

Now it is not hard to see that this problem may be applied 
conversely, and that motors may be built with a combination 
of arrangements for their field-magnets, such that, when sup- 
plied with currents under the standard condition of constant 
potential in the distributing mains, their speed shall be con- 
stant whatever the load. It will be evident without any 
numerical calculations that the windings must oppose one 
another — one must tend to demagnetize the field magnet, 
the other to magnetize. Take the case of a shunt motor 
supplied at a constant potential E, and running at a 
certain speed with a certain load. If the load is suddenly 
removed the motor will begin to race, its racing will in- 
crease the counter electromotive-foi-ce developed and will 
partly cut down the armature cun'ent. But tiie decrease 
of current will not be quite adequate to bring back the 
speed, because of the internal resistance of the armatui'e, 
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which has prevented the whole energy of the armature current 
from being utilized as work. A demi^iietizing series coil of 
appropriate power wound on the field-magnet will, however, 
effect what is wanted, for then, with any i-eduction of load, the 
coii'espoiiding reduction of current cantakeplace,the resulting 
increase in the field-m^netii>m being suiGcient to get the 
required larger counter electromotive-force without any in- 
crease in speed. The combination may, therefore, rightly be 
regai-ded as a differential winding. For constant-cun-ent 
distribution no method of compound winding, whether differ- 
ential or additive, has been found satisfactory ; and special 
reguUtors are employed. 

The following synoptical table contrasts the arrangements 
for self-regulating generators with tliose of self-governed 
motors : — 



Oknebitob. 


MOTDB. 


Given Oonttani Speed. 


To get Oomlam :^>eed. 


To get e conttant. 


Qivsa E conttanl. 




netism (ahuutcofis. 


[ + SerieB-rognUtlDg oolla. 





In discussing the theory of the self-governed motor, we 
shall follow the same general lines as in discussing the theory 
of tlie self-regulating generator, namely, find an equation 
expressing the desired condition of constancy. 

Case (i.) — Given: E conntant. 

(a) Magneto Motor with Seriet-reffidattng Ooil. — Using 
the same notation as previously, we have for the counter 
electromotive-force developed in the armature — 

E = «CN; 
also 

Now H" ia made up of two parts, viz, : — IT, the permanent 
part, and another part depending on the series coil which we 
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may write qS i; where q has the same significatioii as oo 
p. 283, and ia equal to 4* divided by ten times the sum of 
the magnetic reluctances. Its value therefore depends upon 
the permeability, and therefore upon the degree of saturation 
of the iron of the magnetic circuit. Reserving this point for 
further consideration, we may write 

If we had writt«n + instead of - , we should find the 
solution coming out with the negative sign, indicating that 
the windings must be so arranged that the current in the 
series coil circulates in the negative or demonetizing sense. 
"We write the negative sign,however, as we already know that 
this must be so. We also assume at present that there are 
no armature reactions. Substituting the value of M" in the 
fundamentid equation, we have 

E = M (C IT 1 - C ? S i); 
and equating this to the other value of E in the second 
equation above, we find 

cwi-CjSi" ■■ '^ 

Having thus obtained an expression for the speed, we 
must examine the various parts of tlie expression to see which 
are variable and which constant, and so deduce a relation 
which shall make n constant. Now in both numerator and 
denominator there are two t«rms, the first of which is a 
constant, whilst the second of each contains the variable i. 
A little consideration will show that the fraction cannot have 
a constant value unless the two coefficients of the variable In 
the second terms bear the same ratio to one another as do 
the two constants which stand as the first terms ; or n can* 
not be constant unless 

E _ r,+r„ 



[II.] 



which is the desired equation of condition. 
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If this condition be observed (and it will be noted that 
the quantitj' of sei'ies winding required is proportional, as in 
the self-regulating dynamo, to the internal tesiatance of the 
macliiiie), then the speed will be constant and of the value 

From the first of these relations we see that the speed at 
which the machine is thus govenied to run is thesamespeed 
as that at which, if driven as a generator on open circuit, it 
will yield an electromotive-force equal to that of the supply 
at the mains. When running as an unloaded motor, itought 
of course to turn so fast as to reduce the current through ita 
armature to a minimum, which it can do by running at this 
speed. It is evident tliat by making the permanent part of 
the magnetism sti-ong enough, the critical speed — that is to 
say, tlie speed for which the motor is self-governing — ma}' be 
made as low as desired. As the load on the motor is in- 
creased, the flow of current through the armature must be 
increased, and this increased current cannot flow unless in 
some way the counter electromotive-foree of the armature be 
diminished. As the speed is to be kept up, this is ac- 
complished by the lowering of the magnetism, which occurs 
in consequence of the increased current flowing through the 
demagnetizing coila. Tlie quantity denoted by j, which 
depends on the permeability of the iron, ought of course to 
be taken at an average value between the two extremes 
which it has at maximum load and at zero load. The 
magnetism is a maximum when the motor is running empty. 
When tlie load is greatest, if the motor is running at, say, 80 
per cent, efficiency, E will be 80 per cent, of E ; that is to 
say, N will be 80 per cent, of Jffi. It is between these limits 
in tlie magnetization that the value of q must be averaged. 
It is evident from equation [III.] that if the motor is already 
provided with a given series winding, there cau be found a 
value of E, for which tlie condition of self-governing can be 
still fulfilled. All the preceding argument applies also to 
eeparately-excited motora. 
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(J) ShutU Motor with Series-regulating CiwV,— Thia really 
includes two cnses : najnelj', shunt and long-shunt. We take 
the latter case, which is the usual one. The fundamental 
equations will now be 

E=nClf, 

From these we get successively 
n = . E 

CyZV,-CjS4' 

which cannot be constant unless the respective coefficients of 
i, and I. in the numerator bear the same ratio to one another 
as do the corresponding ones in the denominator, giving as 
the equation of condition 



The values of q are here distinguished by sufExes for the 
following leason ; — If the above relation is f uliilled, then 
when the motor runs with zero load there will he practically 
110 current through the arniatui'e, and the counter electro- 
motive-force n C J J Z I'j will be equal to E. At this stage of 
things, when the shunt coil is in full work, the magnetism is 
at its maximum, and ^j (which is proportional inversely to 
the total magnetic resistance) will be at its minimum value. 
On the other hand, when the motor is driving its maximum 
load, the armature current (and therefore the demagnetizing 
effect of the regulating coils) is at its maximum, the mag- 
netization will be at its lowest running value, and ^2 '^'^^ ^ 
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at its maximum. Tliis beiug premised, the equ 
dition may be written 

Z_ r, q^ 

In the earlier editions of this work saturation was left, 
out of account, and the formulae were only approximate, thd 
equation having the form 

?= ^— . [IV.} 

which is Ayrton and Perry's rule for the winding of the self- 
governing motor. It may be remarked, however, since in a 
well-designed motor the resistances in the armature-circuit 
are very small, and the efficiency as a whole high, the demag- 
netizing effect of the aeries coils, even at full load, need only 
reduce the magnetization by a small percentage, so that q^ 
may be nearly equal to q^ Moreover, if a backward lead be 
given to the brusbes, the armature itself may act partially as 
a demagnetizing aeries coil, and so compensate for alteration 
in the permeability. It is quite certain that motors wound 
diffei-entially in the proportion indicated in equation [IV,} 
are very nearly self-governed. Some excellent motors by 
Lieut. F. J. Sprague are wound according to this rule. One 
very curious property of this method of winding is as follows: 
— Suppose the motor to be standing still and the current 
turned on, the ampere-turns due to the shunt will be equal 
to £ Z -i- r„ whilst those due to tlie series coil will be ^ S 
-^ Tfl + »■«; and these, according to equation [IV.], will be 
equal, and they are of opposite sign. There should then b& 
no magnetism excited at all. But if there is any lead at th© 
brushes, tlie mi^netizing tendency of the armature will como 
into play ; and if the brushes have a considerable negative 
lead, the efliect will be to magnetize the iield-mf^^et in the 
wrong sense, and then the motor starts the wrong way. The 
defect might be remedied by cutting out the series coil or 
reversing it, until tlie motor has got up its speed. The latter 
course ia preferable, as the additional torque of the series 
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motor ia of great advantage in overcoming the statical resist- 
ance to motion experienced at starting. 

It is obvious that the number of shunt-turns shoald theo- 
retically be such that the motor, driven on open circuit at the 
given speed, shall generate an electromotive-force equal to £. 

Practical Determination o/ the Shunt and Seriet Windings} 
— As in the case of compound winding of dynamos (p. 292) so 
for motoi-s, the proper windings can be found by simple exper- 
iments, a tempomry coil being wound and separately excited, 
and a resiatance equal to the future r_ being added to the 
armature reyiatance. Two experiments are required. Run 
the motor fli-st with no load at the brake, using the proper 
potential E, and excite the temporary coil, observing the num- 
ber of ampere-turns tliat are needful to bring the speed down 
to the required n. The number of ampere-turns in this case 
is equal to Z t,, where i, is the current, which economy dictates 
should be used in the shunt. Secondly, run the motor with 
its fullest load at tlie bralie, and again excite the fleid-ntagnet 
with such a number of ampere- turns that the speed i» constant 
at n. From thia and the previous experiment S can l>e calcu- 
lated. 

The efficiency of a differentially-wound motor cannot be 
expected to be as liigh as that of one which is nou-differetj- 
tially wound, since the energy expended in the foi-mer cane 
in magnetizing the field-magnets is greater i-elatively to the 
amount of magnetization produced. Thus, if the demagnet- 
izing coil lias a value in ampere-turns of one-fourth of tlie 
magnetizing coiL^, the energy required to give tlie necessary 
magnetization will he 50 per cent., or half as much again as 
in tlie case of simple direct mi^netization.* 

I It ahonld be pointed out that t1)b proc(>M differs from tlut angeested by 
I^feuon AjTton and Ferry lit their paper oti electrouiotora, in Journal 
Sot, Tfteg. Enaiaeer*, May. I88!l. Tlieir method depends an the vuliuue 
left on the bobbins of the Held-m&gnets, which is assnined to be constant. 

* Some elaboTBte observations upon cnniponnd-nonnd moton, when 
worked with constant potentials and constant currents, have been pnbllslied 
4y Dr. Frollch In the ElektroteclmUelie Zeittchrift for Juno. 1SK>. 
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Mechanical Characteristics of Compocmd 
Differential Motors. 

It may be convenient here to consider the graphic repre> 
eentation of the i-egulatioiis between speed and torque ia 
motora provided with mixed windings.^ 
, The curves for constant-potential supply are shown in Fig. 
886, wherein the letters S and Z refer to aeries windings and 




shunt windings respectively. The forms o£ the curves for 
mixed windings differ somewhat according to the proportions 
of the two sets of coils. The important case is tliat of the 
differential winding marked Z — S, having a few series turns 
to correct the droop of the pure sliunt-windiug, and it will be 
noted that up to a certain limit the speed is nearly constant, 
but that there is a maximum value to the torque. In the 

> Tlie ftutbor la indebted to Frfillch'a THe D^amoeltklrlaehe Magchine for 
the curves of moton with mixed windinga. Similar curves have been de> 
duced by Rechniewskl, aee Biancet de la BocUle de Pkyatque, 1S8G, p. 1B7. 
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ease of constant-current supply, as the curves of Fig. 387 
show, the only winding which gires any approximation to a 
constant speed is tJie differential winding with laigc shunt and 
small series coil. For, as in the case of the constantrcuiTent 
generator, the variation of the magnetism has to be carried 
through an enormous range, defying any averaging of the 
magnetic permeability. 

An elegant graphic method of treating the prohlem of sett- 
government of motors is given by M. Picou in Za JAtmiir» 
Mectrigue, xxiii. 114, 1887. 



Other Methods of Govehning Motoes. 

A further suggestion for governing motors is due to Mr. 
Mordey and Mr. C. Watson. They wind the armature with 
two windings, having separate commutators. One winding— 
the main one — is the ordinary armature circuit of the motor, 
and is supplied with current from the external source, causing 
the aimature to revolve. "The other winding, which may be 
called the regulating armature-winding, is small in amount, 
and is disposed over, or side by side with, the main motor- 
winding. This additional winding is not connected to the 
mains or source of current, hut to the field-winding by means 
of a special commutator or collector and brushes. It will be 
observed that this additional armature-winding, revolving ih 
the field, constitutes a generator of current. The regulating 
action is as follows : — When a tendency to increase in speed 
results from a diminution of the load, the additional arraature- 
x^inding tends to increase the strength of the field by supply- 
ing more current to the field-coils, and thus raises the opposing 
electromotive-force of tlie motor, diminishes the amount of 
current received from the mains, and so reduces the speed to 
its normal rate. Again, an increase of the load, tending to 
reduce the speed, is counteracted by a lessening of the 
magnetizing current produced by the additional winding, a 
consequent lowering of the opposing electromotive-force of the 
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mo^F, and an increase of the curreiit received from the mains. 
It will be seen that as this plan is summative it does not - 
re.<iuire so gi-eat an expenditure of enei^y in the fields as a 
differential winding ; nor is it open to the objection that tlie 
motor may start In the wrong dii-ection. On the other hand, 
it has the drawback of requiring an additional commutator. 
The method has given very good results, but has been 
rendered unnecessary, except in special cases, by the simpler 
pl^n to be next described. This is the important discovery 
by l^r. Mordey,^ that if a pure shunt motor is constructed 
upon perfect designs — that is to say, having veiy small 
resistance of armature and very large i-esistance of sliunt, and 
having also field-magnets, which are very powerful relatively 
to the armature, and an armature properly laminated and 
sectioned so as to reduce eddy-currents and self-induction to a 
minimum — such a nhunt dynamo, if supplied from mains at a 
constant potential, will run at a constant speed whatever the 
load.^ The slight demagnetizing action of the armature 
when a negative non-sparking lead is given to the brushes 
acta, in fact, instead of any si>ecial demagnetizing coil. The 
following tests showed a constancy to within li per cent., for 
all loads within working limits. 



PotfflitUteit Current 


at Br^e. 


Bevolutiona pei 
UlDute. 


Torque 

(pound-feet). 


68-4 

«8'4 
68-4 
88-4 


44 

128 

I65G 

180 


1-1 
7-4 
10 M 
1114 


ii2r, 

1120 
1116 
1110 


5-15 

as-4 

4S'8 
G3'0 



With a lower electromotive-f ore e the same motor regulated 
almost equally well, but at a lower speed. It was observed 
that, especially when the motor was giving out small horse- 
power, that the speed was increased by weakening the field. 

1 See Phil. Mag., Janiur;. 1888. 

* This migbt tiBve been foreseen from the equation! of p. 00*2, in which if 
Ta + Ch = 0, the condition of regulation will give S ^ 0. 
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A possible mode of governing conBtaiit-current motors is 
by piovidiug a vaiitible inftgnetic shunt, in the converae of the 
manner suggested by Trotter for constantrCUiTent generators. 
Various other modes ' of controlling the speed by altering 
the magnetism have been suggested, but few of them are 
automatic or reliable. 

> See a most Interesting and fully lllugtnted paper by Mr. F. B. Crocker 
in mectri&d World, xUi. Sll, 18t». 
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CHAPTER XXr. 

MODERN FORMS OF CONTINUOUS CURRENT MOTORS. 

Almost any good modem dynamo (independently excited, 
shunt wound, or compound ^ound) will serve as a motor on 
mains supplied at the proper pressure ; but attention has to 
be paid to tiie setting of the brushes that it mayrun rightly, 
and the machine so used must be one that will give the 
proper voltage at the proper speed. In designing motors 
precisely the same principles hold good ^ as obtain for design' 
iug generators ; for the same features, namely, low internal 
resistance, powerful field-magnets, and proper elimination of 
eddy-currents, which go to make a good generator, also 
apply to the making of a good motor. For example : sap- 
pose it is desired to design a 10 HP. motor to run at 600 
revolutions per minute, when fed at 200 volt mains. Now 
10 HP. is 7460 watts ; a motor to give out actually 7460 must 
be allowed to absorb (at 85 per cent, nett eflficiency) 8776 
watts. Further, if its electrical efficiency is to be, say, 90 
per cent., it must generate 180 Volts of counter electro- 
motive-force. Dividing 8776 watts by 180 volts we find 
48-75 amperes as the current it must take at normal load. 
If, themfore, we simply set to work to design a djiiamo with 
good powerful field-magnets capable of generating 50 
iinHjeree at 180 volts at a speed of 500 revolutions per 
minute, we shall have obtained what we wanted. 

Snell has given the following rules for expressing the 
actual HP. which maybe safelyand continuously taken from 
motors : — 

2-pole ; HP. - 0-00001 X l<Pn, 
:. M-pole ; HP. = 0-000015 X l<Pn ; 

' For (lEscusslon of tlw subject of m 
Tftn Electrician, xxl[. 313 an<l 403, 1 
(fillMM, XX. 1801. 
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where I is length of armature and d its diametei', in inches, 
aixl n the revolutions per minute. 

It might be supposed from the opening statement that 
any description of motors was superfluous. There are, how- 
ever, certain special forms of machine that have come into 
notice as motors, and are, therefore, described here. 

Ayrton and Perry't Motort. — Amongst the motors which 
were at one time in commerce were special forms by Ayrton 
and Perry, with a fixed external ring armature and an 
internal revolving field-magnet. These motors were illus- 
trate<l in the earlier editions of this book. They Iiad the 
str-ictural defect of possessing too weak a field-magnet to 
triable them tn run sparklessly, and though remarkably com- 
jiact and convenient, fell into disuse. 

Reekenaaun't Motort. — Mr. A. Reckenzaun has developed 
B design of motor, with special reference %o the requir&- 
Fio. 888. 



Rbckenzaun^ Motor, 
merits of electric tramcars and launches. Ciistriron, on 
account of the greater weight and dimensions, is here avoided, 
and the field-magnets are built up of thick wronght-iron 
plates, bent hot into such a shape as to form double horse- 
shoe magnets with the ends turned inwards. These ends are 
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notched out to receive a series of segmental iron pieces which 
form the poles, as will be seen by the illustration (Fig. 388). 
Thin macliine is light for its power, compact andstrong. The 
entire height, for example, of a tramcar motor giving 8 HP. 
at 800 revolutions is only 13 inches ; it weighs complete 600 
lbs., and is capable of working up to 12 HP. (brake) for short 
periods. The armature. Gramme type, is 11 inches long. 
The section of tlie armature Iron core i^ 10^ inches by Ifj 
inches, and that of the field-niagnet cores 9 inches by 1/^ 
inches. The magnets are series- wound, eacli limb containing 
two coils (in some cases three), which can be put in parallel 
or series so as to vary the exciting power and permit of 
obtaining the diffei'cnt rates of speed and power required in 
tramway work, without resorting to artificial resistances, and 
also of obtaining a great torque in starting, wlien all the coils 
are in series. 

IntmUch's Motors. — Mr. Moritz Immisch for many years 
constructed motors well known for their excellent meclianical 
construction, high efficiency, and great power in pioportion 
to weight. Only those of smallest size have ring armatures^ 

Fio. 38». 



luuiscH's Motor. 

all others have drum annatui'cs, and the field-magnets are 
usually of the double-liorseshoe ty[)e, a.s shown in Fig. 389. 
A section of the machine, one-fifth of the full size, is shown 
in Fig. 390. The arniatui'e is 15 m. in diameter, and 1-iOO 
revolutions per minute gives 8 IIP. on the shaft, with an effi- 
ciency of 85 per cent. It weighs only 3oO lbs. 

The armiiture core consists of thin iion disks insulated 
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with thin asbestos, having at the ends, and at intervals, thicker 
disks provided with pi-ojected driving^teeth, all the disks being 
securely keyed to the shaft. The windings are carefully 
insulated with Wlllesden paper protected with india-rubbef 
varnish. The arrangement of the armature presents certain 
pecnliaritieSt amongst which are the commutator connexions. 
The hais of the commutator or collector are grouped alter- 
nately in two sete, side by side, so that ft single broad brush, 
Fta.890. 



Iumibch's Motoe (Section), 
or two brushes side by side in one holder, will always cut out 
of circuit the coil of the ai-mature that is connected from the 
bar of the fi-ont aet to the bar of the back set ; the effect 
being exactly the same as if an ordinary collector were used 
with two paiis of connected brushes, those of each pair being 
set apart to a distAnce equal to the breadth of a single bar. 
The effect of cutting out the coils as they reach the neutral 
point is, according to the inventor, to diminish ci-oss-mag- 
netizing influences and obviate changes of lead ; the brushes 
being set, once for all, in the required position. Some biake 
testa made in the presence of the author on a Hmall i-HP. 
motor, weigliiug about 20 kilogrammes (of which only about 
8-5 kilogrammes were of copper), gave following results ; — ■ 



per Minute. 
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A large 30-HP. motor, weighing 850 kilogrammes, gave 
Allowing results ; — 
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The Immisch motors are now made by the General 
£lectrio Traction Co., whose engineer. Mi. A. T. Snell, has 
designed many large motors for traction and mining ' pur- 
poses. In many of these motors carbon brushes, Fig. 277, 
p. 382, are now used. The mode of driving the core-disks of 
the large machines is shown in Fig. 251, p. 852. 

The '* Agir " Motor, — This motor, designed by Measi^. 
Andersen and Qirdlestone (the " Industries " prize motor), is 
shown in Fig. 891, and its details of constniction are given in 
full in Plates XVIII. and XIX. It was designed to meet tiie 
requirements of running at 250 i-evolutions pei; minute on 
150 volt mains. It weighs 943 lbs., and when tested gave 
following results : — 

Electrical HP. supplied 11-81 12-70 U-M 

Speed of motor spindle 248 £52 385 

Hechuilcfti HP. output T-.ll 048 10-6 

Nett efficiency fli-9 74-7 71-4 

Brotim'a Motors. — Of these some mention is made in 
Chapter XXVI,, and a large 4-pole motor of 240 HP, is 
described on p. 491. 

Laurence, Parig and Seott'a Motors. — Many firms now 
regularly supply motors of all sizes : this firm has kindly 
supplied the following particulars of a shunt-wound motor 
taking 10 amperes from 100 volt mains, and giving out a 
little over one actual HP. 

' See notes by Mr, Snell on Electrical Work In Mines, in Proc. South 
Wale* ln»f{tule of Eniiinfm, Jiilyal, 1891. Also lecture on Electrictty 
In Mining by author of tills book, publjsbed by Messrs. Npon. 
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Armature 2-pole, drum-wound ; diameter of armature core, 4J> 
Inches, lengtb of core, 4 inches ; tiectional area uf iron in core, 7-6 



square inchea ; number of segments of commutator, 36; tumsper 
section, 10, No. 19, or 42 mm. wire ; total number of turns, 360 ; 
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weight of wire onnrumture, 3^ lbs.; resistance of iirmature, 1-06 
olini(hot); iiif^iet cast ii-oii, 17-7i! sqmire iiicli ai-ea; sliuiit 
winding, 15 Il)s. 9 oz., Xo, 23, or 25 mil wire, resistance 140 
(warm); turns In sliuiit winding, 4960; starting coil on one 
limb only, 560 turns, Xo. 20, or 35 mil wire, 3 lbs. 

Sprague's Motors. — Lieut. F. J. Sprague, of New York, has 
produced several forms of motor of excellent design and con- 
struction, many hundreds of them beirig in use in the States. 
One form of these machines is shown in Fig. 392. For 
further details the reader is referred to the accounts published 
in the technical, press.' Sprague's method of winding the 
Fjo. 882. 



Sprague's Motor. 

field-magnets with a differential compound winding is identi- 
cal witli that invented in 1883 by Ayrton and Perry, depend- 
ing upon the use of a coil in series with the armature to 
demagnetise and weaken the field,^ Many otlier ingenious 
methods of governing and practical applications have been 
worked out by Sprague. 

Goolden^s Minimi Motor. — ^Ir. Atkinson has designed for 
Messrs. Goolden and t'o. a mining motor of tlie same tyi>e as 

' Electririil W'irld, October, 1880; also Martin iiiiil Wetzler's treatise on 
TIte El'-rtri'^ Muior, irn-".; and Elcclrival WorUl, siv. A, ]8W(; xv. 370 
ISflO; ftl«o The Etprtririan. sslv. 248. IWKK 

" See Speciflcailons of British Patents, Nos. l.-i,Til8 ot 1SS4, and 8624 ot 
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fig. 121, p. 200, but with special adaptations for use ia coal- 
mines ; 1 the moving [mi-U being enclosed so th»t all pos- 
sibility is removed of a spark at the brushes causing an ex< 
plosion. As shown in Fig. 893, the commutator and brushes, 
which are of carbon, are completely boxed in. 



OOOLDBN ENCLOBED MDONO MotOB. 

Electric Locomotive Motor t. — Many motors have been 
4!esigned for propelling ti-amcars and for electric railway's ; 
the points tliat inventors have chiefly considered being 
strong mechanical design of armature, slow speed with or 
witboutgearing, and construction that will resist deterioration 
by water, mud, dust, or overheating. Owing to the enormous 
rush of current just at starting, the armature must be capable 
of enduring the severest torque, and l>e practically fire-proof as 
well as water-proof. All gearings for speeding down have 

' See Ihe ftuthor's JlecMcffy (n Jffnfnff , p. 38, tor dwcriptlonaof elactrio 
«qal-cu{ten ftnd other mining appliances. 
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gradaally fallen into diafavour, direct-driving slow-speed 
forma ' being moie reliable. All thia implies the employment 
of motors with relatively powerful field-magnets. This is not 
the place to enter on a detailed account of electric locomotioD 
in genei'al or to describe any of the hundreds of electric 
tramways and railways now running. In Plate XX. is given 
a sketch of the electric locomotive of the City and South 
London subway railway, with two 50 HP. motors designed 
by Hopkinson and constructed by Messra. Mather and Piatt. 
Foiuteen of these locomotives are now running, and also two 
others by Siemens of a pattern in which the field-magnets 
are relatively more powerful, enabling the armature to give 
the requisite torque with less current. A smaller example is 
afforded by the 20 HP. motor used in the Bessbrook Tram- 
way, described by E. Hopkinson,^ which ran at 100 revolu- 
tions per minute, taking 100 amperes at 220 volts. It was 
seriea-wpund, the resistance of armature being 0-112 ohm, 
and of magnet 0-118 ohm. The nett efficiency was over 90 
per cent. The field-m^net being very powerful, this motor 
is reversed by simply reversing current in the armature. 

Constant Current Motors for Arc Light Circuits. — For 
insertion in a aeries circuit special forms of motor are needed, 
most of them having governors of centrifugal tyi*, to regulate 
the power tnken from the mains; moat of these are of 
American origin.* 

Small-power Motors. — Several makers have given special 
Httention to amall-power motors for driving fans and other 
light running machinery. In England, Messrs. Cuttriss, of 
Leeds ; in France, M. Trouv^ ; in Germany, various makers, 
in particular the Allgemeine Co., of Berlin; in the United 
States, Messrs. Curtia, Crocker, and Wheeler,* have all done 
good work. 

1 A» » ncent example, see the Thomson-Hotistan alow-epeed motor de- 
scribed In Eleetrieai World, xvli. 93, 18S1. 
» Proc. In»L CIM Engineerg, xcl. part 1,, IWI-S. 

* See Electrical World, iv. 3es, 1890 ; ivll. 120 and 130, 1691 ; al«0 Ths 
Bleetrician, iiv. IB, «, and 131, 1890. 

• See Engineering, xUv. 8.1, 1BR7 ; also EleetrUal World, \x.i,9, «ad 
803; xlli. 309, 1889; xv. 114 and 299, 1890; xvlL 130, 191. 
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Pviaatituf Motors. — The early type adopted by Page, 
Hjorth and others, in which a purely I'eciprocating movement 
instead of a rotatory one was produced, has been revived in 
recent years for motors for the special purposes of operatang 
hammers or drilla. In 1879, Werner von Siemens' produced 
a mining drill in which a direct current and an alternating 
current of slow period were combined to produce a recipro- 
cating movement without any commutator — a device lately 
revived by Atkinaon and by Van de Poele. In 1880 Marcel 
Oeprez ' designed an electric hammer for forging, having a 
plunger of iron to be drawn up and down in a cylindrical coil 
wound in sections into which the current was successively 
led by a commutator. 

Alternate Current Motors. — These are specially treated in 
Chapter XXIV. 

> D. R. Pat«iit, No. wee of 1879 (k« vol. IL p. 380, of Siemens' ArbeUen], 
* La Lum&re EUetrtque, ix. 44, 1888. 
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CHAPTER XXII. 

THE PKINCIPLES OF ALTERNATE CUBRETJTS. 

In alternate-current working the current is rapidly reversed, 
rising and falling in iv succession of impulses or waves. 
Electiicity is in fuct oscillating backwards and forwards 
through the line with enoimous rapidity, under the influence 
of a rapidly-reversing electromotive-force. The adjectives 
alternate, otdllatort/, periodic, imdtdatory, and harmonic have 
all been used to describe such currents. The author would 
prefer tlie term wave-mtrrentg as being botli shorter and more 
apposite. The properties of alternate-cuirents differ some- 
wliat from those of direct or continuous currents. They are 
affected not only by the resistance of the circuit but also by 
its inertia or self-induction, which diminishes the amplitude 
of tlie waves, retards tlieir phase, and smooths tliem down in 
general. On account of these peculiarities, some preliminary 
account of them is needed. 

We have seen (p. 30) how the repeated approach and 
recession of a coil and a magnet pole will set up alternate 
electromotive-forces; and how (p. 213) the rotation of a simple 
loop in a uniform magnetic field will give rise to a truly 
periodic wave-current We have seen also how the value 
of the periodic electromotive-force at any moment may be 
expressed in terms of the sine of the angle through which tlie 
coil has been turned. In the case of real machines in which 
the magnetic fields are not uniform, nor the coils simple loopSv 
the j>eriodic rise and fall of the electromotive-forces will not 
necessarily follow a simple sine law. The form of the 
impressed waves will depend on the shape of the polar faces, 
and on the form and breadth of the coils. Consider the case 
of a machine in which the field-magnets consist of a double 
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crown of opposing poles (as in the machines of Wilde, Siemens, 
Fernirtti, MoRley, &c.). If the armature coila and magnet 
cmva are both of cireiilar fonn, and equal in diiimeter, an the 
coils i»i(proacli the jjohir ends of the cores they will, it is true, 
gmdunlly enter the field, and the numlier of lineti cut by the 
coil dnring equal displacements will gnidually inci-eiise and 
become a ninxinium when the axis of coil and core coincide, 
and from that point it will again decrease, almo.st in a sine 
law ; the greatest mte of cutting being when the edge of tlie 
coil is opposite the centre of the core ; but if coil and core be 
rectangular in outline, tlie greatest rate of cutting in each wire 
will be when one edge of the coilis passing the edge of the pole. 
In this case the sine law caimot be true for the electmniotive- 
foree. In oiJer to test whetlier in any given dynamo the 
rise and fall of electromotive- force and of current in the 
armature colls conforms to the law of sines, ex[)erinients are 
necessary. Jonheit, in order to measure the currents of a 
Siemens' dynamo, employed an electi-ometer metltod, and 
took o£f the current at any desired phase by a sjHicial com- 
mutator, an<l found an appi-oximate curve of sines.' Another 
method, applicable also to 
direct-current machines, due 
to Mr. Mordey, is described. 
In Fig. 394 ai-e- given four 
curves for a half-period. Of 
these one is a sine curve, the 
other tlu^e form actual alter- 
nators, showing how netu-ly 
they agree with a true sine 
curve. The one wliitih agrees 
most nearly is that of the 
Mordey alternator, which lies 
just within the sine curve 

nearly throughout its whole extent. We are then sufficiently 
justified in assuming that the impressed electromotive-force 

' For modern varletlea of this method see p. 73, on which references an 
given. For the mo«t recent reae*rch see paper by Dr. J. LInde la Eteklro- 
teclmiiehei Echo, No. £0, 1801. 
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folltiws a sine law, so that the electromotive-force at any 
instant may be expi-essed in the form — 

Etf = D'flin e, 

where D is the maximum value or amplitude attained by E, 
and 9 an angle of phase upon an imaginary circle of reference. 
Consider a point P revolving clock-wise round aciicle. Ifthe 
radiuu of this circle be taken as unity, P M will be the sine of 
the angle s, as measured from 0°. Let the circle be divided 
out into any number of equal angles, and let the sines be 
drawn similarly for each. Then let these sines be plotted 
ont at equal distances apart along the horizontal line, as in 
Fig. 395, giving us the sine curve. 

In Fig. 895 one revolution of P around the circle of reference 
corresponded to one complete alternation or cycle of changes. 
The value o£ the electromotive-force (which varies between 




+ D and — I) as its maximum values) may be represented at 
any moment either by the sine P M or by projecting P on to 
the vertical diameter, giving O Q. As P revolves, the point 
Q will oscillate along the diameter. ■* 

There ie yet another way of representing periodic varia- 
tions of this kind, namely, by a diagram akin to that used by 
Zeuner for valve-gears. Let tlie outer circle (Fig. 396) be as 
before a circle of reference around which P revolves. Upon 
each of tJie vertical radii describe a circle. Then the lengths 
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such as O Q cut o£E from the radii, represent the corre- 
sponding values of the sine 9f tlie angle. If a card witli a 
narrow slit cut radially in it were made to revolve over this 
figure, the intersection with the two inner circles would show 

the varying electromotive- _ „_^ 

, . ... FiQ. 886. 

forces in various positions. 

The reader who desires to 
pursue the graphic study of 
these matters further should 
consult the excellent treatise 
of Prof. Fleming,! or that of 
Mr. Blakesley,' and sundry 
papers by Mr. Kapp.^ 

We must now show how 
to calculate the rise and fall 
of current which the periodic 
electromotive-f oi-ce seta up in 
tlie circuit. Those who are afraid of calculations should go 
on to the geometrical treatment of the problem, p. 627. 

Analytical treatmetU. — To calculate this rise and iaW we 
must remember that the motions of the rotating coils are 
supposed to take place vith a unifonn speed, and that the 
induced electromotive-force will be proportional to the rate of 
change in the number of magnetic lines induced through the 
circuit. To get a complete account of the action we must 
take into consideration the number of magnetic lines induced 
by ike circuit on itself.* 

Consider a simple loop of wire traversed by a current. 
Every portion of the loop will be surrounded by a whirl of 
magnetic hnes similar to those of Fig. 13, and those belonging 
to the current in one half of the loop tend to influence the 
current in Uie other half. Such influence or tendency of the 
current's lines to influence the other parts of the circuit is, 



'Fleming, The Alternate Current Trawtformer, London, 1888. 
■Blakesley, Alternating Currents of EleetHeitp, London, 1888. 
■Eapf^oa ' Altemaj^e CiUTeot Uftchlner;,' Proe, Inst. Chit Eagtneere, 
1889, pt. til. 
* Neununn's matlieniatlcal fnTCStlgation of the effect of coiuiderlug the 
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however, only manifested when the streugtli of the current or 
the shape of the circuit is changing. We know that any 
increase in the number of magnetic Unes that thi-ead thiough 
a circuit (sa, for example, by poking a mi^iet pole into it) 
tends to set up a cun-ent that will oppose the motion. Any 
increase in the strength of the cuiTent in tiie loop will 
increase the number of lines through the loop, and that 
increiise will of itself tend to set up an opposing cuiTent. On 
the other hand, any decrease in the curi'ent in a circuit, hy 
reducing the number of magnetic lines which thread through 
the circuit, tends to oppose the reduction of the curi'ent. A 
cuiTent, in fact, acts ra if it had inertia, and tends to keep the 
number of its magnetic lines constant. This inei-tia of the 
current in a circuit is also known as the induction of the 
eii-cuit on itself, or, briefly its self-induction. The self-induo- 
tion in a circuit, which, as we have seen, is due to the number 
of magnetic lines threaded through tlie circuit itself by the 
cun-eut flowing in it, is always made up of two factors. When 
discussing the earlier case of the induction of a cuiTent in a 
loop by rotating it in a uniform magnetic field we neglected 
self-induction and considered the numher of lines of force 
whicli were cut hy the loop iis being the product of two factoi-s, 
viz. the total number of magnetic lines N that actually traverse 

self-induction of the circuit In relation to & periodic eleciroinotlve-force, 
was published In 1645, but self-lnduciive pbenomena had previously been 
studied bj Henry and by Faraday. 

Otlier niatliemntit^al Investigations of alternating electric currents have 
been ^ven by Weber In his Etektrodynaminche Maatbeatimmungen, and 
by the following : — 

Koosen, Fogg. Ann., lixxvll. 386, ia'i2. 

Le Boux, Ann. Chim. Pliyt. [3], 1. 4((3. 1857. 

Clerk Maxwell, Phil. Trann., 1805, p. 473. 

Jamln and Richard, Amu Clittn. Phys. [4], xtII., 278, 1669. 

Joubert, ^nn. de VEci/le Jfominle SupMeure, z., 1831 ; and Journal 
de PUynqw, s. ii.. t. 11., p. 283, 18M3. 

I,ord Rayleigli. Phil Mag., May 1880, p. m^. 

HopbJDSon, Lecture at Instlt. Civil Engineers (on Electric Lighting), 1883. 
" Joiirnitl floe. Telegr. Eniiineerg, xiii, 

" Proe. Boy. Soc, Feb. 1887. 

Abstracts of tlie moit Important of these will be foimd in Fleming's book 
on the Alternate Current Trans/oriner, 
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the iron core of tbe armature, and C, the number of conduct- 
ors at its periphery. In the case of self-induction the two 
&ctora wilt be different. The number of lines of force induced 
on itaelf by the current in & loop will be proportional to the 
strength of the current i. The number will, for a simple 
circular loop, be also proportional to the' area of the loop. 
But for loops that are not circular, and for loops that consist 
of many turn?, and for loops that liave iron in them, a much 
more complicated investigation would be required than could 
be undertaken here if it were not for one fortunate circum- 
stance. Suffice it to say that for a loop of many turns the 
coefficient of self-induction is proportional to the square of the 
number of turns. For each turn helps to produce magnetic 
lines and also- adds to the " cutting " of tbe lines by tlie 
circuit. As a matter of fact, the two factors of self-induction 
are current i, and a quantity symbolized by tlie letter L, 
called " the coefficient of »elf-induction^* which represents the 
number of magnetic lines which the circuit would enclose or 
induce on itself if the current flowinginitwereone'* absolute 
unit." It follows at once that if current i flow through a 
circuit whose coefficient of self-induction is L, the whole self- 
induction of the circuit will be equal to L times i ; and the 
product L i will represent tlie total amount of enclosing of 
mt^netic lines by the convolutions of the circuit. It will also 
be evident that if a current begins from strength and grows 
uniformly until its strength Is t, the avert^e self-induction in 
the circuit will be 1 L t. 

Returning now to the case of a loop having Si turns, placed 
at such an angle g (measured from the initial position as in 
Fig. 184, where it stands right aci-oss the field), we see that it 
no longer encloses the whole numlxjr of magnetic lines which 
are present in the magnetic circuit. When we omit all 
account of self-induction, we may write 

N, = SjN cos t, [I.] 

where Ni is the virtual amount of enclosing of lines by the 
circuit. 
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But we know that if there is a current t in the circuit, we 
ought to write the equation in full — 

Ni =SjNco8# + Li. [II.] 

Our omission of the self-induction term in all the previous 
equations was only justifiable on the aasuoiptions — firstly, 
that the 6eld-inagnets so overpowered the armature as to make 
the second term negligible i secondly, that the equations we 
obtained were the equations for steady currents. 

Kow we know that any variation in Ni will set up induced 
electromotive-force, and that at any moment the electromo- 
tive-force will have the value 

E = -ii, [in.] 

where we use the negative sign to show that an increase in Ni 
will produce an inverse or negative electromotive-force. We 
are obliged to take note henceforth of the signs of the various 
quantities. Any change in N,, from whatever source arising, 
will setup electromotive-force. We cannot well alter S,, the 
number of coils of our armature. K can be altered; and in 
most modem alternate-current machines it is arranged that 
N, the number of magnetic lines in the field, can be controlled 
by hand or otherwise, the field-magnets of the alternate- 
current machine being usually separately excited by a con- 
stant current from a smaller dynamo, called the " exciter " 
(see Figs. 426 and 4S6). While the dynamo is at work, the 
coefficient of self-induction o£ the armature cannot be changed 
at will, as that depends on the size, shape, coiling, and coring 
of the armature, and on magnetic permeability ; but it is 
possible to change the self-induction of the rest of the circuit. 
If we suppose this to remain constant then tlie only quantities 
that axe really important in respect of the variations they will 
undergo — the only quantities whose variations contribute to 
the variations of X, — ai'e 8 and i. The angle of position t 
varies from to 2 t (radians) ; that is to say, from 0° right 
round to 860°, and then recurs ; and its cosine therefore 
fluctuates between 1 and - 1. The current i varies also from 
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a certiiin maximum value + t,„„. to an equal negative value 
— ima^.- We will neglect all the variations of the other 
quantities, not because these variationa would not be in- 
structive — for that would be quite untrue — but becHuse of 
their lesser practical iraportance. Then we have 

^ JNi _ t?(S3N co ag + Lt ') 

dt lit 

Now suppose tliat wliile the armature loop lias turned 
through the angle 8, the time occupied — a small fi'action of 
a second — is t. Also take T to represent the time taken for 
one revolution ; so that if there were w revolutions ^ per second, 



part of a whole revolution, and as there are 2 r radians in a 
circle, the angle expressed in radians will be 



where » is the angular velocity. 

Inserting this value, and performing the differentiatioD, 
we get 



E = «S,N8in«(-L|L. [IV.] 

Consider this equation carefully. It shows us that if there 
were an open circuit, so tliat there could be no i, then self- 
induction would not come in at all. Also if the motion were 
80 slow that the rate of change of t were inappreciable, then 
the second term might be neglected. The negative sign also 
indicates that that part of the electromotive-force which is 
due to self-induction opposes the other part. Suppose we 

1 For mnltlpotar miichlneB the number of alternations Is more 
tlutn tb« nnmber of revolutions in proportion to the number of pail 
poles. The symbol n will In tbli case stand for alternations. 
40 
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pause for a moment to consider the case of slow motion, and 
neglect the self-induction term ; then we get 

E=2TnSjNsiii«, 
which is twice the value found on p. 231 for a direetrcurrent 
machine in which the windings were not all in series, but 
groujied in two sets in parallel. Further, since the average 

2 
value ' of the sine between 0° and 90° is -, we get, as tlie 

average value of E, 

E (average) =4nSjN. 

Also it 18 imporbint to notice, that with slow rotation, if the 

resistance of the circuit be It, the current will be at any 

moment 

2mR,N 
i= ^^ siutf. [V.] 

Now write D for the group of symbols 2t«SjN, and we 

get— 

We now pass on to entertain the case where the rotation 
ia so quick that we must take in the self-induction term. 
Remember that though self-induction will set up i)erturhing 
electromotive-forces and diminish the impressed electromo- 
tive-force, yet if tho nett effective electromotive-force at any 
inshiiit i:; hnown the coi-rcsponding instiintaneous value of the 
current can Ikj CLvlculated from it by simply applying Ohm's 
l;iw. So if E, as found in formula [IV.], p. 626, be the 
effective clcctraniotive-foi-ce, we may write K ~Ri; whence 
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tial equal 
ay + hj 



This 19 a differential equation of the form 

6^ = Bin ex. 
dx 

(See Boole's Differential Equations, p. 38.) 
The Bolution is 



Deo8».Bin(a-») „ r p.™, , 

where ^ is called the retardation or angle of Utff, and has the 
value such that 



tan ^-- 



2,nL . 
K 



In tlie second term of the expression on the right-hand side 
of the above equation, the symbol C U a coustant of inte- 
gration, and « is used in its common mathematical sense 
to represent the number 2-7182, which is- the basis of the 
Napieritui (or hyperbolic) logarithms. This second tei-m may 
be omitted, because it relates only to the irregularities during 
the first starting of the current, and dies out ns the time t 
increases in value. We have, therefore, got our equation for 
the current as follows : — 

.•,- "-"*-;|°<'-*^ ; [vm.] 

which should be compared with the value that the current 
would have if there were no self-induction, as given in [VI]. 
We see by com]>aring the two expressions that our current 
still follows a sine-function, but it is the sine-function not of 
tiie angle a, but of the angle (#-*); that is to say, its 
waves ia</ behind those of the impressed electi-omotive-force. 
Also, the amplitude of the current is reduced, because every- 
thing ia going on as if the amplitude of the impressed electro- 
motive-foi'ce had been altered from D to D cos ^ . Or, in 
other words, the effective electromotive-force is equal to the 
part of the impressed electromotive-force as I'eaolved along 
the line of the lagging current. 

Geometrieal Treatment. — Another mode of studying these 
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rather complex relntions is by the aid of the diagram ex- 
plained above. First let it be understood how if the cun-eiit 
is undei^ing periodic changes, its rat« of change (to which 
the self-induced reactions are proportional) will also undergo 
periodic cliange, but with the difference that the waves of 
self-induced electromotive-force will lag exactly a quat-t«r- 
period behind those of the current, or will be " in quadrature " ^ 
with them ; for the rate of change of the sine is proportional 
to the cosine, and the cosine is simply the sine shifted on a 
quarter of a revolution. Hence, when using in diagrams, a 
circle of revolution, as in Figs. 895 or 396, we have a line in 
any position representing the current or the effective electro- 
motive-force which generates it, tlie line 
which is to repi'esent the 8elf4nductive 
reaction must be drawn at right angles 
—in quadrature — to the current. Let 
O A in Fig. 397 represent the ampli- 
tude of the impressed electromotire- 
force. Describe a circle upon O A, 
and on this circle take a point E, so 
that angle A O E = #, and join 
A E, O E. A E O will be a right 
angle, and A E will represent the m^nitude of the electro- 
motive-force of self-induction when O E represents the current, 
or the effectiveelectromotive-force which produces thecurrent; 
the whole being considered to revolve about O, and the pro- 
jections on the vertical line being taken as explained above. 
We have here two electromotive-forcea, the impressed O A 
and the reactive A E (or O F, which is equal to it), with their 
resultant the effectiveelectromotive-force OE, with auangl© 
E O A, or ^ between them ; the effective electromotive-force 
being equal to the impressed electromotive-force multiplied 
by cos #. Let us now examine this angle 4, which represents 
the lag of the effective electromotive-force (and therefore of 
the current) behind the impressed electromotive-force. We 
know that O E is equal to R t, and A E is equal to 2 , n L i, 
being the maximum value of the rate of change of L V cos j 
* This uae of the Vena la due la Mr. Blakeeley, op, clt. 
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(i. e, tlie maximum value of 2 *- n L t sin 9). Tbatia to say, 
AEi8toOEas2'MLiatoR. Or, 



tan ^ = 



R 



The quantity 2 t » L is sometimes called the inductance, so 
that we may say the angle of lag is such that its tangent 
depends on the ratio of the indiictan^e to the resistance. If 
we draw the triangle separately, as in Figs. 398, we may 




[IX.] 



mark the values of the sides, the hypotenuse becoming 
VB? + 4 ir" n" L*, a quantity sometimes called the " apparent 
resistance," or aoroetimea the " impedance."' We see then 
that cos * is equal to R -?- Vit* + 4~r'^TI^ so that equation 
[Vni.] p. 627, might have been written * 
. D6in(fl-») 

where we write the whole impressed (and retarded) electro- 
motive-force as numerator, and the impedance as denorai- 

1 Tha term impedance rtrlctly rnenni tlie ntlo o( any impressed electro- 
notWe-forcc to the current wliicli It produces in a conductor (see Lodge'a 
Modem View», p. 8&), of which tha above Is only one case. For BteadJ 
currents the Impedance is almpl; the realstance. For variable cuirenta It 
may be made up of resistance, inductance, and (It the clnult has electro- 
■tatlc capacity), of permittance. In various proportions according to tba 
form of the variation. For true periodic currents obeying the sine-law the 
impedance Is the square root of the sum of the squares of resistance and 
inductance. For currents whicli vary more suddenly the Impedance will 
depend more on selt-ludnctlon and less on resistance. 

' This Is Indeed the classical way of writing It ; and it was so written In 
the pKTioQS editions of this work. The whole notion of an apparent 
resistance, partly made np of real resistance and partly made up of an 
inductive reaction. Is, however, awkward. The Inductive reaction Is not 
of the nature of a resistance, but that of an electromotive-force, which, 
compounded with the Impressed electromotive-force, gives ns a nett effect- 
ive electromotive-force. 
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natoi-,^ instead of writing the effective resolved part of the 
electromotive-force as niunerator, and the. true resistance as 
denominator. 

Before leaving Fig. 897 and the angle of lag, we may note 
that the 1^ ia proportional both to L and to n ; so that 
raising the frequency of alternations will exaggerate the two 
inductive reactions — will increase the lag and diminish or 
damp down the current. But increasing ttie i-esistance, 
though it diminishes the current, tends to lessen the lag. 
The effect of self-induction is then to retard the rise and fall 
of the current, so that it attains its maximum not when 
f = 90°, hut when a = 90° + 4,^ and * cannot in any case 
exceed 90°, as will be seen by considering Fig. 397. Further, 
'both the inductive reactions will increase with increased speed. 
Tliere will be less lag, therefore, if the machine is so designed 
that it can be driven at a slow speed, or if the numljer of 
altematioiis per second be diminished, and if the coefficient of 
self-induction is small compared with the resistance of the 
circuit. This indicates tliat the number of turns of the coils 
in the armature part sliould l>c kept as small as possible, and 
the magnetic iield made enormously poweiful — a rule which 
applies equally to continuous-current dynamos. 




These two inductive reactions, the lag and the damping 
of the current, may be summed up in a diagram, Fig. 399. 
Let the curve A represent tlie rise and fall of the induced 



1 See Mwtwcl], Phil. Tran»., JSOi, p. 473. 
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current, aa it would be if there were no self-induction. Then, 
since the tendency of self-induction in the circuit is both to 
retard the rise and fall of the effective electromotive-force, 
and to diimp it down, it will have the effect of causing the 
cun-ent to rise and fall like the curve B, which has a smaller 
amplitude and is shifted along. 

It may be remarked that mere retardation does not waste 
any of the power, nor does the mere intreduction into the 
cireuit of the opposing electromotive-foices of self-induction. 
If induction could be limit«d to these two effects, it would 
not be very prejudicial, it would simply make the machine 
act as a smaller machine. It lowera the plant-efficiency, but 
not the running-efficiency. 

" Virtual " Ehiitromotive-force. — Alternate-current volt* 
meters and alternate-current amperemeters do not measure 
tlie true avenge values of the volte and of the amperes. 
Tliey measure what are called " virtual volts " and " virtual 
amperes." In a Cardew voltmeter the heating of the wire 
depends on the square of the current. In an electro- dynamo- 
meter the torque depends at eveiy instant on the product of 
the currents in the fixed and movable parta ; therefore, when 
used as an amperemeter, depends on the square of the current. 
The readings which these instruments give us, if first cali- 
brated by using steady currents, are not true means, but are 
the squiu'c roote of the means of tlie squares. Now the mean 
of the squares of the sine (taken over either one quadi-ant or 
a whole cirele) is J ; hence the squai-e-rootrof-mean-square 
value of the sine functions is got-.by multiplying their maxi- 
mum value by 1 -^ 4/2, or by 0-707. But we have seen that 
the arithmetical meait of the values of the sine is 0'637. 
Hence an alternating current, if it obey the sine law, will 
produce a heating effect greater than that of a steady current 
of the same average strength, by the ratio of 0-707 to 0-637 ; 
i.e. about 1-1 times greater. If a Catdew voltmeter is placed 
on an alteiiiating circuit in which the volts are oscillating 
between maxima of + 100 and - 100 volte, it will read 70-7 
volts, though the arithmetical mean is really only 63-7 j and 
70-7 steady volts would be required to produce an equal 
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tcading. The term virtual^ has been used to denote these 
Bquai-e-rootrof-nie an -square values. It may be remarked in 
passing that the virtual electromotive-force of a dynamo 
wound for alternate cunents will therefore be 2-2 times higher 
(compare p. 651} than that of the same dynamo wound aa au 
ordinary direct-current dynamo. The equations established 
above hold good, whether maximum or virtual values are 
used. For example, we may write 

X cos #; 





maximum ii. 




resistance 




maximum E 




impedance ' 


Virtual 


. _ virtual E ^ 
I'esistance 


Virtual 


. __ virtual E 



impedance 

The diagrams of revolving lines may be drawn either with 
maximum or virtual values. 

Mean Power. — The mean power is obtained by integrating 
the power during one period and dividiog by that period, and 
therefore may be wiitt^u 

Now if E and t were always iii the same phase, the power at 
any moment would be simply the product of their values at 
that moment, and the mean power would be the product of 
their virtual values, or the half of the pi-oduct of their 

' I adhere to the term virtual ; It was in use before the term fffecUre 
which waa recommended In 1S89 by the Paris CongresB to denote the 
■quare-root-of-meaD-sqiiare value. I adhere to it nuilniy because the ad- 
jective effective Is required In Its usual meaning lu kinematics to represent 
the resolved part of a force which acts obliquely to the line ot motion, the 
effective force being equal to the whole force multiplied by thecosineof thB 
angle at which It acts with respect to the direction of motion. 
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maximum values.^ But if there is a lag * between them, 
then the product at each instant must be multiplied hy 
cos #. So that 

Mean power = E ^„_ X i vin. X cos ^, 

« =iE^X»m.x.XCOS^ 

If we square the expression [IX.} found for current and 
sahetitute for the square of the sine its mean value i, and 
then multiply by R we get ns the mean power (in watts) 

IV' + irH'h^' 
and this expression, by a well-known algebraic rule, will be 
a maximum for variations of R when R is such that the two 
terms in the denominator are equal, or when the resistance 
equals the inductance. Under these cii'cumstances the lag is 
45". But though this is the condition for highest plant 
efficiency, the regulation is, under these circumstances, bad. 
Hence it is better to use such a machine for lesser cuixents 
than those which would produce so great a lag. 

Numerical Example : — Let an impressed electromotive-force 
of 65 (virtual) volts, alternating with a frequency of 50 periods 
per second, act upona circuit having resistance 1*5 ohm, and a 
coefScient of self-induction of 0-002 henry. Find the lag, the 
current and the mean power. 

To find the lag, we must find the inductance, 2 r n L, and 
divide this by the resistance ; or 

tanf = 2 m L-^ R = 2 X8-1416X 50 X 0-002-M-6 = 0-419. 
Looking in a table of natural tangents, we find that * will be 
22" 44' ; whence a table of natural cosines gives us cos ^ = 
* On the question of meMuremeut of the mean power of alternating cur- 
rents, see papers by Prof. Ayrton and oLhen In Phil. Mag. and in Prur. 
Roy. Boe. In 1801, copied Into most of the technical jonmala ; also papers 
by Swinburne and Blakesley. Blakesley's method of the three electro- 
dynamometers, and Ayrton'g method of the three voltmeters, ought to be 
loiown to every person who requires U> measure power in alternate current 
circolla and machines. 
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Fia. 400. 




0-9228. Or, we might calculate cos # directly aa R-r 
4/ U' + 4 «■' n' L*- Multiplying coa into the 65 volts, we 
get 59-95, say 60, as theeffectivs virtual volts, and dividing by 
the i-esistadce, gives 40 virtual amperes as the cun-eut. The 
mean power is 65 X 40 X 0-9223 = 2400 watts. 
Geometrically this is given in Fig. 400. 
Let O A be 65 to any scale, the impresfied (virtual) volta. 
Describe the circle of radius A, and the semicii-cle OEA. 
Draw O IJ at right angles to O A. 
On O B set off O R on nny con- 
venient scale of re^tistance, O I 
being taken as 1 ohm. Using 
same scale, set oft O S or R F at . 
\ right angles, equal to the induc- 
tance 2 r n L = 0-628. Join O F. 
/ R F is the angle of Ug. Draw 
E at right angles to O F, cut- 
ting semicircle in £. E O A is 
also angle of lag, hence EO repre- 
sent-i eCfective virtual volts ; and 
A E the cross-eleetromotive-foree 
of self-induction 2 r n L i. Join E R and from 1 draw 1 C 
parallel; C O will represent the current. As OB is A 
turned through a right angle, the area of triangle B O C = ^ 
O A- C- cos A O C = i mean power. 

We are now in a position to explain why it is desirable tliat 
the induction curves of alternators should follow the sine-form, 
and why wide departui-es therefrom are undesirable. Accord- 
ing bo the well-known theorem of Fourier, every complex 
single-valued peiiodic function can l>e analyzed domi into a 
series of simple perio<lic functions differing in amplitude and 
phase, but all lielonging to a harmonic series, havhig fre- 
quencies tliiit are some exact multiple of a single fundamental 
frequency. Every complex wave curve may be regarded as 
built up of sine-curves. For example, the curve shown in Fig. 
401a may be looked upon as a compound of the two dottc<I sine 
curves, one of a frequency three times that of the other. Now, 
if this complex curve represents the impressed electromotive- 
force of an alternator with curiously-shaped poles, what will 
the curve of effective electromotive-force {or of current) be 
when self-induction is present ? The amplitude is cut down in 
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proportion nearly to the frequency of tlie allernation. Hence 
the component ripple, wliicli has three times tlie frequency, 
will be damped out nearly three times as much as the funda- 
mental wave.' In Fig. 401 b are shown tlie two waves, as 
altered by a lag of 41°, which cuts down tlie fundamental to 
0-75, and the ripple to 0-35 of their respective amplitudes ; the 
resultant wave being also shown. It is evident that self- 
induction tends to smooth out the ripples, including all parts 
of the wave that do not fit to the sine form. Hence those 




alternators which give induction curves of true sine form are 
less'affected by self-induction than others, regulating better, 
and having a higher plant-eCBciency. 

AUernaCe Currents in relation to Capacii;/. — If a condenser 
Is int«rposed in the circuit of an alternator, an alternate cur- 
rent will play into and out of the condenser, cliarging it in 
alternate directions. The action of the condenser's capacity 
on the current is best summed up by saying that it acts like & 
negative and reciprocal inductance. If K be the capacity of 
the condenser (in farads), and the frequency be n, then it will 
act like a (negative) inductance of — 1-=- 2 «■ h K henries. The 
effect, therefore, of a capacity in series with the circuit, is to 
accelerate the phase of the current^ producing a lead instead of 
a lag in the current. A capacity acting laterally across the 
oirouit, as when a condenser is placed acrass the two mains, 

1 See Inveitlgatlon by ATiton and Pen? la Jotirnal In»t. ElecMeal 
Sngintvra, xvtll. 80^ 1880. 
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has the effect of increasing the flow of current from the 
dynamo up to the points on the circuit which are connected to 
it, and tlieiefore of raising the virtual potentials of those 
points, thereby affecting the voltage of the rest of the circuit. 
Tliereis, for a given frequency, resiatanee and self-induction, 
one particular value of eapiicity which would enormously in- 
crease the cm-rent and voltage as by a sort of resonance. 
These various condenser effects have been considered 
by various writers. A very clear exposition of them, together 
with the phenomena observed on tlie Ferranti mains on the 
Deptford supply has been given by Fleming." 

Watt-less Current. — Wlienever there is a great phase differ- 
ence between volts and current (whether a lag due to self- 
induction or a lead due to capacity), the true watts are, as has 
already been pointed out, much less than the apparent value 
that would be obtained by merely multiplying together the 
virtual amperes and the virtual volts. For, as we have seen, 
this i»ro(luct must be further multiplied by tlie cosine of the 
angle of lag (or lead). Now tliere are two ways of looking at 
this matter, the product E,i„ X ivlh X cos * may be regarded as 
eitlier the product of the virtual amperes into the resolved part 
(or effective part) of the virtual volts, or it may be regarded as 
tlie product of the virtual volts into the resolved part of the 
virtual am{)eres. Just as any force may be resolved into two 
component forces at right angles to one another, so any alternat- 
ing current may be resolved into two component alternating 
currents differing 90° in phase. Or l may be resolved into two 
parts, i cos * agreeing in phase with the volts, and i sin * in 
quadrature with the volts. These two resolved parts of the 
CUiTent may he termed the working-current 
Fig. 403. and the watt-less arrent. In Fig. 402 O E re- 

presents the effective part of the impressed 
electromotive-force O A. Of E a part O I 
is found, as descril«d on p. 634, to repre- 
sent the current i. Of this current the 
resolved part O W, in phase with O A, is 
the working current, and the part O U, 
■which is in quadrature with O A, is the 
watt-less current. Whenever, for either 
cause, the angle of lag is great, tlie watt- 
less part of the current will be great also. For example, when 
' Journal InM. Etectr. Eni/iaeera, xx. 362, 1891. 
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transformers are left on open circuit, the current in the pri- 
mary ia nearly in quadrature (owing to self-induction) witb 
the impressed volts, and, if it were not for hysteresis or eddy- 
currents in the iron cores, would be almost entirely watt-leas. 

For example, if there ia a current of 100 virtual amperes 
lading 14" behind the impressed volts, thia may be resolved 
into a working current of 97-03 virtual amperes, and a watt- 
less current of 24-2 virtual amperes. 

High Frequencj/ Alternations. — Alternations of very high per- 
iodicity, going up to as many as 10,000 or 20,000 per second, have 
been studied by Spottiswoode,' and more recently by Tesia,* 
who has obtained some very remarkable effects. One of his al- 
ternators was of the same type aa Mordey's, having numerous 
polar projections on either side,' and another was of the induc- 
tor type. With these excessively high frequencies the currents 
na. 408. 




EPFBcrr OF Lao of Cuerent, 
flow almost exclusively along the surface layers of conductors, 
instead of flowing through their entire cross-section; even 
straight rods of copper offeringa relatively enormous impedance. 
Torque of Allematora. — A very singular result follows the 
presence of any lag in the current of an alternator. It was 
pointed out on p. 554, that wliere amperes flow with the volts, 
1 Proe. Boy. Hoc, xxiil. 455. 

* American IiM. Electrical Engineer*, May 1891. SeaElectrical World, 
XtL, 1681, and The Electrician, xxvl. 549, 1801. 

* See Electrical Enoineer (N. T.), March 18, 1891. 
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electric enei^ is being supplied by the mnchine, and power 
must be applied to drive it ; but that when arapeces flow 
against a counter electromotive-force, there electric energy is 
leaving the circuit and being turned into mechanical energy, 
helping to drive the machine. The one is the ease of the gen- 
erator, the other that of the motor. But now consider an al- 
ternator with the amperes lagging behind the volts, as indi- 
cated by the diagram of Fig, 403. It is clear that. in conse- 
quence of this lag the amperes are sometimes flowing against 
the volts instead of with them. In fact, we may divide each 
complete period such as O X into four parts, during two of 
whicli, namely II. and IV, in Fig. 403, the amperes and volts 
are alike in direction, either both positive, or else both neg- 
ative; during the other two parts — namely I. and III. — the 
amperes and volts ai'c opposed in direction because the volts 
have revei-sed in sign, but the lagging amperes have not yet 
changed. Now during tlie partial periods II. and IV., when 
there is agreement in sign, the macliine is in the condition of 
being a generator, and will require to l>e driven, the currents 
in the armature setting up a counter torque. But during tlie 
other jiartial periods I. and III., wlien tliere is opposition In 
sign, the machine is in the condition of being a motor, and will 
tend to drive itself, the torque helping it on. Tlie conductors 
are consequently subjected to a racking action, alternately re- 
fiisthig, being driven and then helping to drive twice in each 
period. It is clear that if thei-e is little lag there will be 
little motor action, the partial i)eriod8 I. and HI. being brief; 
whereas if tliere is much lag llie motor action will inci-ease. 
If there is a lag of exactly a quarter of a period, the motor and 
generator actions will be equal. Similarly, if in consequence 
of capacity the current leads in phiise, there will be motor 
action in partial periods. Tliis subject may be conaideied in 
another way. The el ecti-oniotive -forces change sign just as 
tlie conductors are passing (for example, take Fig. 412, p. 646) 
from one magnetic field into anotlier, where the lines run in 
an opposite direction. If the cuirents are in phase with the 
electromotive-forces, they will always tend to oppose the mo. 
tion that generates tliem. But if they lag then after the con- 
ductor has passed from one field to the other until such time as 
the currents have reversed, they will be helping on the motion. 
Meanuremeiit of Pmeer in Alter/rating Circuits. — On this 
important topic see remarks on p. 633. 
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CHAPTER XXIII. 

ALTEKXATORS. 

Alternators, or alteninte-fiurrent dynamos, may be classi- 
fied ill three sorts : — 

I. Tliose with statioiiaiy field-magnet and rotating 
armature. 

II. Those witli rotating field-ntagnet and sbitionary 
armature. 

III. Those with boUi field-magnet part and annature 
part stAtionary, the amount of magnetic induction fiom the 
latter througli the former being caused to vary or alternate 
in dii-ection by the revolution of appropriate pieces of iron, 
called inductors. 

Alternatore may also be classified according to whether 
they give simple two-pliase currents, or aie multiphase. 

In all alternators the elect i-omotive-foi'ce rises and falls in 
a rapid periodic fiishion, a wave of electricity being forced 
througli tlie cijcuit, firat in one direction, then in the other, 
with very great i-apidity. The time tiiken for one complete 
alttirimtion to-and-fro of the current is called one period. 
The number of such complete periods or double-revei-sals of 
the cuiTent in a second is called tliefrequenci/, orsometimes 
the periodicity/, of the alternations. The frequenc}' used in 
practice varies between 40 perimls perseeond tolOO orsome- 
times 150 periods per second ; but each machine is expected 
to work at its own proper frequency. The symbol ^^ ia 
sometimes used for the frequency instead of the letter n. 
Thus, 100 '■*' stands for a frequency of 100 complete periods 
per second, i. e. 100 positive currents or half-waves, each 
followed by a negative half-wave. Tlie sj'mbol n used for the 
number of revolutions i>er second in the formula fordirect-cur- 
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rent dynamos is also used for the number of periods per secoud 
ill formulEB for alternate curt-euts ; as it corresponds to the 
number of complete alternations there would be if the dynar 
mos had but one pair of poles. As it is requisite in alternate- 
current working to hiive so many alternations in every 
second, and as mechanical considei-ations forbid very high 
speeds, it is the general practice to make this class of 
machines multipolar, with a considei'able number of poles of 
alternate polarity arranged symmetrically around a common 
centre. The number of symmetrieal poles in machines of 
diffei-ent systems varies from 12 to 48, or more. 

The armatures of aiteiTiators may be of ring, drum, pole, 
or disk type; but in all cases the graupingof the windings is 
different from that which would be adopted for a direct- 
cunent dynamo. The iield-raagnet being multipolar, a 
section of the armatum winding which is passing a N-pole 
will have currents induced in it that ciixiulate in au opposite 
sense to those induced in a section wliich is at the same 
moment passing a S-pole. Hence in an alternate-current 
ring the successive sections must be either wound or con- 
nected so as to be alternately riglit-l landed and left-handed. 
In alternate-current drums the sections do not overlap one 
anotlier as in ordinary drum armatures ; nor do they overlap 
in alternate-current disk armatures. 

Rinif Armatures. — Tliis type was invented in 1878, almost 
simultaneously by Gnvmuie^ and by Wilde,* the main differ- 
ence between them being that, whilst Gramme rotated his 
field-in^net within a laige stationary ring, Wilde rotated his 
ring armature within an external system of inwardly pointing 
field-magnet poles (see Fig. 120, No. 28). When ring armar 
tures are used in this type of dynamo, they must not be 
wound in the same manner as for continuous-current armar 
tures. If the socce-ssive sections are to be connected up 
consecutively, then tliey must be wound, as shown in Fig. 
404, alternately with riglit>-handed and left-banded windings. 
If all the sections are coiled right-handedly, then they must 
be connected, as shown in Fig. 405 ; for the electromotive- 
1 Specification of Patent, 953 of 1878. ' Ibid., 122S of 1878. 
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force induced in a coil as it passes under a north pole will 
circulate around the annatui-e core in an opposite directioa 

Pio. 404. 
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Bmo-AitHATCRe Windinob for Alterhatobs. 
FiQ. 406. 
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to that induced in the neighbouring coil that is passing 
under a south pole. 

A diagram of the Gramme alternator is shown in Fig. 409i 
41 , 



iXtOO^Ic 



642 Dynamo-Electric Machinery. 

The sections of the winding of this macliine were four times 
as numerous as the poles, and might Iw coupled to feed four 

aepamte circuits. It is clear that the revolving poles would 
come past the four adjacent sections successively, so that the 
four alternating currents generated would differ in phane 
from one another. One form of Gramme alternator, de- 
signed for use with Jabloclikoff's candies, and made auto- 
exciting hy the addition of a smidl direct-current dynamo on 
the same shaft, was depicted in the former editions of this 
book. Another ring alternator, by De Meritens, with per- 
manent steel magnets was a favourite about 1879. Another 
design, with external magnet, is shown in Fig. 407, which 
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clasely resembles the form used hy Messi-s. Ernest Scott 
and Mountain. In tins figure, the magnetic circuits are 
traced to guide the designer in calculating out the exciting 
power. It will iw notircd that the inner wires of the ring 
perform no active induclivc part; also that the currents in 
adjacent sections flow revei^ely. 

In Kap|)'s alternator, Fig. 421. p. 65.5, the ring lies 
between a double crown of field-niagnct poles. Other ring 
alternatora liave l)eeu designed by Kennedy, who uses a dis- 
coidal ring between alternately-spaced alternate ]»oles within 
an iron-clad magnet ; and by Mordey who lins suggested a 
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form witii two Paciiintti rings, one laminated as armature, 
one non-1 ami nated, an field-magnet. 

Drum Armatures. — .\ glance at Fig 407 will show that, 
so far as the active wires aie concerned, they might be 

Fio. 4oe. 
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coupled up quite as efEectively without lieing wound around 
a ring core. In Fig. 408, which is a diagmmmatic picture of 
the Westirighouse alternator, tlie windings He on the out- 
side of a drum-core ; the sections being coiled separately on 
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temporary frames and then laid ni)on the surface of the core, 
with the ends turned down over the end core disks and 
firmly secured. 

It is but a step from this foi-ni to that of Fig. 409, which 
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has an internal revolving field-magnet, and as armature an 
external cylinder built of segmental core-platea, against the 
inner iteriphery of which the armature coils are fastened, 

Again, it is hut a step from this form to Fig. 410, which 
shows the construction of Zipemowsky, in which the field- 



Ganz-Zipernowskt Alternator. 

magnet cores are made up of tT.«Iiaped stampings, and the 
armature cores of short T-shaped pieces which project 
through the coils, and are removable singly. We are tlius 
passing away from the drum type towaixl that with pole 
aniiature. 

Pole-Armatures. — The typical pole-altemator is the now 
obsolete machine of Lontin, a skeleton diagram of which is 
given in Fig. 411. In this machine the lield-niagnet (sepa- 
rately excited with a continuous current) consisted of a set 
of radiating poles, and it rotated within an enter set of coils 
which served as a fixed armature. These coils were wound 
upon short cores of solid ii-on. This machine had many de- 
fects, not the least of which was the great mass of iron in 
which so many internal eddy cuiTents were induced that the 
machine wsis very prone to become overlieated. Indeed, it 
required more power to drive it on open cireirit than when 
the machine was supplying its maximum number of lamj^is. 

A modification of this machine, having laminated iron 
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cores in tlie armature part, has Ijeen used by Kennedy and 
others. Ilopkinsoii's alternator, Fig, 425, p. 664, is an inver- 
sion of this design, the field-magnet being fixed and external. 



Primciple of Pole Alterkator. 

J>iiik Armatures. — In these machines the armature coils 
are arranged around the periphery of a disk. The old 
machines of Noilet and Holmes, and tlie so-called "Alliance" 
machine (all of which bad permanent magnets of steel), 
belonged to this class. The more modem type, with electro- 
magnets, was created by Wilde, in 1867. The field-magneta 
consist of two crowns of fixed coik, with iron cores arranged 
so that their free poles aie opposite to one another, with a 
space Iwtween them sufficiently wide to admit the armature, 
Fig. 412. The poles tnken in order round eaoli crown are 
altemately of N and S polarity ; and opiKwite a N-|)ole of 
one crown faces a S-pole of the other crown. This descrip- 
tion will apply to the magnets of the alternate-current 
machines of Wilde and Siemens, and to Ferranti's alternator. 
The principle will be best undci-stood by reference to Fig. 
412, which gives a general view of the arrangement. Since 
the magnetic lines run in opposite directions between the 
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fixed coils, which are alternately S — N. N — S, as described 
above, the moving coils will necessarily be traversed by alter- 
nating currents ; and as the alternate coila of the armature 
will be traveled by currents in opposite senses, it is needful 
to connect them up, as shown in Figs. 416 or417, so that they 
sliall not oppose one another's action. In Wilde's alternator, 

Fio. 412. 



Principle of Disk Altebnatoh. 

tlie ai^mature coils liad iron cores, and the macbine was pro 
vificd with a comniuUitiir on tiie principle indicated in Fig, 
419, p. 652, This eoimnutator Wilde usujilly applied to a 
few, or only one, of tlie rotiiting coils, and utilized the cur- 
rent thus obtained to magnetize the field-magnets. The two 
Gontactr-iings for collecting the main cuii'ent are also ehowa 
in the figure. 

Siemeuu improved the design in 1878, by omitting the iron 
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from the cores of the armature, which he narrowed greatly, 
thus dimiDishiug its reactions. Femuiti's alternators follow 
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tlie same plan, the copper coib heing huilt up into a thin 
disk, as indicated in Figs. 414 and 415. 



byGoogIc 



648 Dynamo-Electric Machinery. 

Collecting-Rings. — For collecting the main current of the 
ftlternator, extremely simple means are required. In those 
machineu in wliicli the armature part is fixed, mere terminals 
are required. In machines with I'otating armatures simple 
sliding connexions are required. The usual method of 
collecting is shown in Fig. 416. Tvi>o undivided insulated 
metal rings, forming the terminals of the armature coil, 
elide each under a single collecting-brush. 




COLLKCnNQ-RINOS 



Where high voltages are used the two contact rings 
should be so placed that by no accident can an attendant 
touch both at the same time. It is also well to provide two 
brushes to each ring. For alternators with stationary- 
armatures a similar but smaller pair of contact>rings sufSce - 
to carry the exciting current to the revolving field-magnets. 
The special devices of Ferranti for collecting are described 
later. 

Coupling Armature Coils.— There are various ways of 
coupling up the coils of alternators, according to their purpose. 
For low voltage work the coils may be coupled up in parallel 
as in Fig. 417, so as to reduce the internal resistance ; whilst 
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for supplying distant transformers and for transmission of 
power, ill both of which cases high electromotive-force is 
required, the more usual mode of connecting is to join the 
several coils in series, as in Figs. 416 and 418. In Chapter 
XII., on tlie theory of armature winding, it waa shown (see 
Figs. 202 and 203) how either a lap-winding or a wave- 
winding might be applied to an alternator. The use of a 
wave-winding for this purpose was suggested almost simul- 




jUrnBxm Uodes or Coufuko up Abiutuse-coiu of Ai;rKRiiAT0B& 

taneously in 1881, by Sir William Thomson, and by Mr. 
Ferranti. But there are disadvantages in its use for high 
voltages, owing to the difficulty of maintaining the insulation 
between each " wave " and the succeeding one, and it has 
been abandoned in favour of a lap-winding, in which each 
coil can be well insulated by itself from its neighbours. In 
some alternators — including those of Ferranti and Westing- 
house — the coils are joined in two parallels, not aU in series, 
a construction which has the result of keeping the pointa of 
greatest potential difference widely apart. 
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Width or Pole Faces and Breadth of Armattjrb 
Windings. 

The distance from the centre of one N-pole to that of the 
adjacent S-pole may be called the pitch of an alternator. It 
is desired to know what is the best projx>rtion for the pole- 
faces and the windings to bear to the pitch. This matter has 
been discussed by Kapp.' It involves two questions — (1) 
in what way will the voltage depend on the relative width of 
poles and breadth of windings ; (2) what praportions will 
give the highest plant-efficiency. If the [joles are too wide, 
BO as nearly to touch, not only is there great leakage, but the 
coils must be inconveniently crowded. It is obvious tliat for 
any coil to give its best result it should be so hirge as to 
embrace the whole flux of magnetic lines from each pole as 
it passes. If it is smaller, it contributes less to the total 
voltage. If it is larger it merely takes more space. Hence 
it is usual to make the width of the internal aperture of the 
coils but little less than the width of the pole, and to make 
the external width equal to the j)itch. Compare Figs. 407, 
408, and 409, in the first two of which tlie inner width is 
rather less, and in the third rather greater than that of the 
pole-faces, whilst the double breadth of copper in the coils is 
about equal to the widtli of the poles. 

It has been shown on p. 211 tltat tlie averse electro- 
motive-force of a continuous current dynamo may be written 

E-nCl^-^10«; 

where n was the number of revolutions per second, C the 
number of conductors around the armature, and If the 
magnetic flux. We may adapt this to alternators, whilst 
keeping tlie two former symbols, and using W for the 
magnetic flux through any one pole, by multiplying \ij p 
the number of pairs of poles, and by a coefiicient k. 
So we have 

E (virtual volts) ^ k p n C N^Kfi. 
• Proc. Irulitution Cinii Eagineera, xcrU. 1889, pt. ilL 
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If the fluctuaUons follow a sine curve, so that the virtual 
volts are 1-1 times greater (see p. 631) thiui the aven^je volta, 
the coils ai'e all joined ):t serieti (insteadof two parallels), and 
k will have tiie value 2-2. The value of k for vaiious widths 
of poles and breadths of coils' has been calculated hy Kapp, 
witli following resulU : — 



Pole widtb. 



Total breadth at Copper In Coil. 



-r 



1. Equal to pitch 

2. Eiioal to pitch 

3. Ilalf or pitch 

4. Half or pitch 

5. Third of pitch 



Equal to pitch (covering whole surface) 
Half of pitch (i.'overlng half surface) 
Equal to pitch (covering whole surface) 
Half of pitch (covering hajf surface) 
Third of pitch (covering third of surface) 



If there were no spreading of the magnetic field. No. 4 of 
these would be best (being also nearest sine-law). The useful 
breadth of wires is that which would just lie between tli& 
pole-tips. The output of a machine having a given thickness 
of copper in the gap is proportional to the number of such 
wires to Avidth of the pole-face ; therefore to the product of 
the two breadths, the sum of wtiicli, if tliere were no inagneti& 
spreading, would equal the pitch. Hence the output would 
be a maximum when the breadth of coils and width of poles 
were each half the pitch. But Elihu Thomson has found by 
experiment that, owing to the distortion of the magnetic field 
when the machine is running, there is an advantage in making 
the breadth of copper greater than this, that is by diniiuishing 
the aperture of the coils to something less than one-half tho 
width of the pole-face. 

There has been much controversy whether armatures 
should or should not have iron cores. Iron cores are certainly 
inadmissible in thin disk armatures, as they would inevitably 
jamb ^;ainst the pole-faces. Owing to the high frequency of 
alternation, the loss by hysteresis in machines with iron cores 
becomes aerious, unless the mt^etization is kept down below 
7000 lines per sq. cm., and even then is not negligible. On 
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the other hand, there is more loss by eddy 
copper in machines not having iron cores. 

Modes of Excitatios op Field-magnets. 

In the older machines the field-magnets were either of steel 

permanently magnetized, or else electromagnets separately 

excited. About 1869 began the practice of making these 

machines self-exciting by the method of diverting a small 

cun-ent from one or more of the annature coils, which were 

for tliis purpose sejMirated fram the rest, this current being 

passed tlirougli a commutator, which rectified the alternations 

and made it suitable for magnetizing the field-mi^nets. Sucli 

commutators were used by Wilde and 

™* *^* by Hobnes, and have in general the 

form depicted in Fig. 419, consisting 

of two metal cyhnders cut like crown- 

l wheels having the teeth of one pro- 

I jecting between the teeth of the otlier. 

Tliey are insulated fi-om one another, 

one being connected to one end of the 

wire of the armature coils that are to 

be used for exciting, whilst the other 

Commutator tor Self- Jj, connected to the otiier end of that 

KXcrriKo Alteenatobs. n^ , , . .i . 

wire. Iwo brushes are set so that one 

presses against a tooth of one, whilst the other presses against 
a tooth of the other part. Such commutators had previously 
been used in small motors.* Holmes used a system of 
parallel bars (like tlie Gramme collector) coimected together 
alternately into two sets. If the field-magnets are wound with 
fine wire,sudi a commutator may be used to rectify a fraction 
of the current from tlie whole of the annature coils, thus 
making the machine virtually a self-exciting machine. It is, 
however, more usual to supply each alternator with a small 
auxiliary continuous-current dynamo, termed its exdter, 
A convenient way of regulating the current or potential of 



> See remarks b; Elllm Thomson in commpnt on Eapp's paper, toe. eft. 
*See Joule, in Sturgeon's AnnaU <tf Eleclricity. IL Vii. 1838. 
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alternators is to inter|>oaG a variable resistance in the exciting 
circuit ; the resistance being operated by hand or by some 
automatic regulator (see Chapter XXVII.). This method is 
applicable either to separately excited or to self-exciting 
macUines. In the case where separate exciters are used, tlie 
performance of the alternator may be regulated by controlling 
(by variable resistances, &c.) the exciting circuit of the exciter. 
Altematois, when intended for supplying glow4ampsat 
constant pressure, whether direct at low voltage, or by trans- 
formers at high voltage, are usually constructed with such low 
resistance in the armature part, and with so low a coefficient 
of self-induction, that they would be almost self-regulating if 
it were not for the demagnetizing inQu^ice of the armature 
currents. This may be con- 
siderable, and is an effect 
closely akin to self-induction. 
For supplying lamps inseries m 
with a constant current a ^ 
somewhat different type of * 
alternator is needed, having 
considerable self-induction in 
the armature. This is attained 
by winding the armature coila 
not on the outside of the core, 
bat deeply embedded in it, 
or wound on long core-plates 
to give considerable mag- 
netic inertia. 

The demagnetizing in- 
fluence of the armature cur- 
rent has been studied by 
Esson,' who has determined 
(Fig. 420) the external char- *««psre» 

acteristio of an alternator 

when separately excited with different amounts of current. 

The three curves correspond to the three cases when the sepa- 

late exciUng current measured respectively 24, 12, and 6 

» See meclTical Beniem, xrUi. p. 248, SUreh 1888. 
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amperes. The effect of the armature current is most marked 
when the field-magnets are weakly excited, aiid apparently 
roughly in proportion to the squaie of the armature current. 
In the Mordey alternator (p. 273) the field-niaguet is so power- 
ful that the diminution of the electromotive-force from this 
cause with the full cuiTent is less than 3 per cent, of the whole, 
tlie resulting droop in the characteristic being extremely 
slight. Swinburne ' has also discussed ai-mature reactions. 

Some load-curves for an alternator have been given by 
Kapp (loc. cit. ), and should be compared with Fig. 287, p. 435. 

Essoii finds that the output of alternators may be expressed 
in t«rms of the armature dimensions and speed as follows :— 

Output (\vatts) = 00296 (PLn, 
where d is diameter and L length, in centimetres, an<l n the 
number of revolutions per second. This is about 40 per cent. 
of the output of a directxurrent dynamo of equal dimensions. 

Examples of Alternators. 

Kapp'» Alternator. — A modem alternator with ring-arma- 
ture is that of Mr. Gisbert Kapp. This pattern lias been 
constructed by the Oerlikon Machine Works, by Messrs. 
Goolden, and by Messrs. Johnson and Philli^is. It differs from 
most otlter alternators in having double magnetic circuits. 
The machine depicted is a SO-kiloivatt machine, having aa 
output of 15 amperes at 2000 volts, at 700 revolutions per 
minute. The field-magnet consists of two crowns, of 12 poles 
each, alternately N and S, but each N-pole in one ci-own is 
opposite a N-pole of the other crown ; so that the magnetic 
lines entering the ring from both faces stream laterally 
through the core. Tlie amiature core consists of annealed 
strip iron 2-5 inches (= 6-35 cm.) wide, and 0-025 inch 
(^ 0'063 cm.) thick, which is wound up, with paper between, 
upon a strong foundation-ring of cast iron 28 inches (=: 71 -1 
cm.) in diameter. The radial depth of the core is 8 inches 

> Journal Inat. Electrical Engineers, xx. 173, 1801. 
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(^= 2I)'8 cm.) and tlie actual cross-section of iron in it 16 
square incliea (= 103-2 sq, cm.). Driving-homB of ebonite 
are inserted at intervals, and the coiIh are separated from the 
core-iron by a liberal use of mica and paper, and are prevented 
from cutting at the outer edge by the insertion of a rounded 



Kapp's Alternator. 

rim of mahogany. On the ring are wound twelve coils, each 
of a breadth a trifle less than bulf the pitch, and of about 100 
turns each, the total number being 1190 turns. The ends are 
strained down through insulating bushes that pass through 
eyes in the foundation-ring, and are joined nptoputtlie whole 
1190 turns in series. The resistance (wami) is 7 ohms. 
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Tlie 24 m^ne^cores of wrought iron are eacli Sj inches 
diameter, having a sectional ai-ea of 11-04 square inches. They 
are provided with jwlar expansions of nearly rectjingular 
fonn, about 7^ inches by 4 inches, giving polar area of 29 
square inches. The depth of polar gap from iron to iron is 
about 0-5 inch. The yoke-rings are of cast iron. 

As self-induction in such a ring is considerable, preliminary 
experiments were needed to show what allowance must be 
made for this in the excitation. Wlicn run on short circuit, 
and with field-magnets separately excited to a degree that 
would have given the armature an electromotive-force of 1540 
volts on o])en circuit, the armature current was 25 amperes. 
Hence it was concluded that when the armature current is 
15 amperes, there will be a self-induced electiomotive-force of 
925 volts. Hence, as these will be in quadrature with the 
effective volts (which are desired to be about 2100), we may 
suppose that at tlie machine's full load the impressed electro- 
motive-force will have to be 



♦ 9252 + 2100" = 2295. 

Applying the formula, p. 650, and assuming Jc = 23, we 
get Tf == 1,250,000 as the number that must be cut at each of 
the 12 poles, or 625,000 to flow through each of the 24 polar 
faces. This makes B^, ^ 39,120 in the armature core, ami 
57.000 in the magnet core. To produce this magnetization 
an exciting current of about 8'7 amiteres is reqiiired in the 
field-magnet coils, the total resistance of which is about 11'2 
ohms (warm). Hence tlie [wwer wasted in llie iield-magnet 
is alxjut 850 watts, or 2-8-S per cent, of total output. 

In Plate XXII. are given drawings of another Kapp 
alternator, built at tlie Oerlikon Works. This is an 80 HP. 
machine, ranning at 600 revolutions per minute, yielding 
SO amperes at 2000 (virtual) volts, and weighing 3i tons. 
UjMn the same bed-plato is mounted an exciter. The field- 
magnet consists of two crowns, of 14 cylindiieal wrought- 
iron magnets each, witli rectangular pole-pieces. In each 
field-coil there are 186 turns, with total resistance 1-76 ohm. 
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taking 21 amperes to excite fully. The ring has upon it 
14 coils of treble cotton-covered wire, 0120 inch in diameter, 
.80 turns each in two layers: total resistance 1'8 ohm. 

For the Metropolitan Supply Company Mr. Kapp htia 
designed some larger machines, giving 60 amperes at 2000 
volts, at 600 revolutions per minute. The following are par- 
ticulars of these machines : — Number of poles, 20. Frequency 
= 100 *^, Armature : foundation-iing, 42 inches diameter ; 
core, 2 J inches wide by 9 inches deep ; winding 20 coils each 
40 turns of copper tape, united in one series, r^ ^ 0-926 ; or 
if joined in two series, r, ^^ 0-2317, and output is then lilO 
amperes at 1000 volte. Field-magnet cores, 8J inches long, 
4i inches diameter; pole-shoes, 8 inches by 3J inches; coils, 
144 turns each ; total resistance, 2-26 ohm ; and carry excit- 
ing current 22 amperes to 25 amperes at full load. 



Armature of Webtinohouse Altersator. 

Westlngliouse (^Stanley's) Alternator. — A drum armature 
is employed in the alternator' of the Westinghouse Company 
depicted in Fig, 422. 

' For further information and tests see Eleelricnl World, vol. si., Sept. .3, 
1887 I vol, sv, 242, 1!*00 ; MFctrlci'in, ixv. 603 and 70(1, 1S90 ; Eiectrical 
Betieic, xxv. 283, 1880 ; BritisU Specifications of Patents, U72u, 9T20, and 
8721 of 1887 ; La Lumiere Electrique, sxv. 64-3, 1887 ; xxvll, 8, IWS. 

42 
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In the 150 kilowatt machine there are 16 radial poles 
pointing inwards and fixed externally to a common cylindri- 
cal cast-iron yoke. The armature core, which is 23 inches in 

Pig. 423. 



WEBTHrOBOUBE ALTERNATOR. 



diameter and 12 inches in length, is built up o£ thin iron 
disks, with lioles perforated for ventilation. The winding 
consists of IC coils, wound in flat luvnks on special formers, 
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and then laid side by side upon the periphery of the 
core, not overlapping, anil secured by well-insulated binding 
wires ; the ends of the hanks being bent over and secured 
against tlie flunks of tlie drum. The grouping is in two 
series of eiglit coils each. The bijiding wh-ea cover nearly 
the entire surface (see Fig. 422). This machine weighs 
three tons, and gives 145 amperes at 1100 volts at 1080 
revolutions per minute. The journals are very long and are 
carried througli spherical-seated hearings. To permit of 
repairs tlie ujiper Iialf of ttie field-mt^iet can be lifted off. 
The exciting cuiTent is fi'om 25 to 30 amperes at 100 volts. 
The numl)er of alternations is 8640 per minute or 144 per 
second. In the most recent Westinghouse machines the 
armature coils are wound on toothed core^disks. 
^ Jilihu Tkomson't Alternator. — This niacliine closely re- 
sembles the Westinghouse, but differs in important details. 
The armature coils, which are wound with square wire, 
cover a large amount of surface, and are not turned down in 
flaps over the ends of the drum. The field-magnebi have 
frem eight poles in small mucbines to 22 poles in the lai^est. 
In the small machines all tlie armature coils are united in 
one series as in Fig. 416 ; in tlie larger sizes they are in two 
series. Three tyfies of these alternators are used. Some are 
separately excited : others ai-e made self-exciting by the 
device of winding a few tunis of wire in drum fashion 
around the core in the intein^paces of the main coils, the end 
being brought out to a commutator on the shaft ; others are 
called "composite," from the circumstance that the field- 
magnets are partly separately-excited and partly self-excited 
from the main euiTent of the machine, which for this pur- 
pose iu caiTied thi-ougli a slmnted commutator. It is this 
third class of machine which is depicted in Fig. 424. An 
exciter furnishes current to eight of the ten field-magnet 
poles, the excitation Ijeing controlled either by a variable 
resistance Ki in the shunt circuit, or by H^ in the exciting 
circuit. The other two field-coils are connected to bmshes 
on a rectifying commutator 0, slmnted by the resistance R^. 
The main current on its way to or from the contact-rings 
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A B must pass through tbia commutator or the ehunt R^ 
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constant part, and a variable part depending on and propor- 
tional to the main output of cun.'ent. Hence this aiTange- 
ment has the same virtues as the compound-winding of 
direct-current dynamos. The resistance Rj which is of 
German silver attached to the frame of the macliine, permits 
the amount of compensating excitation to be varied in differ 
ent machines, so that the same size of machine can be used 
to compensate for the fall of potential over various lengths 
of line. This type of alternator is made in thi-ee sizes, giv- 
ing respectively 35, TO, and 140 amperes at 1000 volts, at 
speeds from 1500 to 680 revolutions per minute.' 

Prof, Elihu Thomson has devised another form of altei> 
nator, described on p. 686. 

Blakey-Emmott Alternator. — This machine, depicted on 
Plate IX. and Plate XXIII,, is of the same general type as 
the preceding ; but wliereaa tlie windings of the two preced- 
ing sorts are lap-\vindinga, tliat of the present machine is a 
wave-winding resembling Fig. 203, p. 314. 

The armature core is built up of veiy thin charcoal iron 
disks mounted on a gun-metal spider keyed to the driving 
shaft. The winding consists of bands of copper wires, the 
breadth of tlie bands being equal to the width of the poles. 
These bands are laid in a sinuous form upon the sui-face of 
the armature, the bends being laid upon the end plat«a. The 
final ends are carried to substantial rings of copper serving 
as collfictora. Carbon block brushes are used and are found 
very satisfactory. The bearings are self-centering. The 
sketch in Plate XXIII. represents the 15a size, which gives 
an output of 7-5 am[>eres at 2000 volts, or 15,000 watts at 
a speed of 1200 revolutions pev minute. The number of 
poles is ten, and the frequency therefore 100 complete periods 
per second. The diameter of the armature core is 18 inches, 
and the lengUi 8i inches. The total number of active con- 
ductors in the armature is 1140, the weight of copper being 
13-3 lb. The resistance is 448 ohms; and, when run on 
open circuit with full excitiitioii, the volts generated are 
2050. The weight of copper on the field-magnets is 150 lbs. 

» See Electrical World, sill. 19, 1880 ; xlv. 197, 1880 ; and Electrician, 
xxvl. 133, 1800. 
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The curve of induction of tliis machine is given on p. 619. 
The annature can be readilj- examined in position by remov- 
ing the top half of the field-magnets. These machines ar3 
made by Messi's. Bhtkey, Emmott & Co., of Halifax, in seven 
sizes, ^vith outputs varying from 12,000 to 120,000 ^atta. 

Phcenix Alternator. — This machine is constructed by 
Messrs. Paterson and Cooper, fram the designs of Mr. 
Esson ; ^ and has a general resemblance to those described, 
being multipolar with twelve poles. The magnet cores are 
of wrought-iron made narrow to receive the coils, and widen- 
ing into a polar face nearly of double ai-pa- They are car- 
ried on a cast-iron yoke ring ; and the width of the pole- 
faces is half the pitch. Had the cores been of equal width 
all the way along they might nearly as well have been of 
cast iron ; but with wrought-iron of high permeability, the 
saving in copper more than pays for the cost of tooling. 
The armature is built up of core rings with internal and 
external diameters in tiie ratio of about 7 to 5, over which 
are laid six fiat coils each equal in bi'eadth to three times the 
width of tlie magnet cores, and laid on the periphery with 
spaces equal to the width of the core between them. 

Hopkinaon Alternator. — Tliis machine has multipolar mag- 
nets, with a width of pole-face exceeding three-fourths of the 
pitch. The armature wires are not laid on the outside of a 
diiim, hut are coiled upon short polar projections of lami- 
nated iron. The machine shown runs at 800 revolutions per 
minute, giving 30 amjjeres at 1000 volts. The armature 
resistance is 0'55 ohm, and that of the magnet coils 2 ohms. 
The exciting cuii'ent is 21 amperes. An electrical efficiency 
of 95 per cent, is claimed for the machine. Its exciter, a 
small " JIanchester " dynamo, is mounted on a bracket to 
run on the same shaft. These machines (Fig. 425) are 
built by Messrs. Mather and Piatt. 

Gam-Zlpenwwiiky Altomatorg. — Various forms have been 
built =* by Ganz & Co., of liuda-Pesth, chiefly from the 

1 Journal Institution Eleclriciil EnglnefrM, xi. 280, 1S91. 
* See CeiilraWlatt fur Etvktrolfrhnik, xli. S-H imt ; also Electrteat 
Ketilev;, xv. TO, ]884 ; xvil. 11.1, IWC. ; Electrician, ixv. 258, ISOO ; EUe- 
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designs of M. Zipemowsky. Tlie general priiicipla of (liese 
macliines has already been described on p. 644 ; but some 
have been otherwise constructed. A very large machine was 
shown at Vienna, by Messrs. Ganz, in 1883. It was capabld 
Via. 425. 



HOPKINSOTT ALTEBN&TOR. 



of fumiahing light for 1200 Swan lampa (20 candle-power 
each). The thirty-six bobbins of tlie field-magnet were set 
con cent I'ically on an iron frame, and rotated within an outer 
circle of thirty-six armature bobbins. The field-magnet coils 
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were, in fiict, tlie fly-wheel of the high-presaure componnd 
engine which drove the dyniiino and its exciter. The diam- 
eter of the rotating part was 2i metres. A aalient feature 
of this macliine was the fact that any one of the coils, either of 
armature or field-magnets, could be removed from the side of 
the machine in case such were needed. Tlie whole fly-wheel 
conld, in this way, be taken down by one man in afew minutes. 
The armature coils weie attached flat against tlie inner periph- 
ery of a large ring of iron wire ; tliei-e lieing no cores protrud- 
ing through the armature eoila. At Frankfort, in 1891, a large 
Ganz alternator was shown by the Helios Co.,i of a capacity of 
400 kiloivatts, giving 200 amperes at 2000 volts at 125 revolu- 
tions per minute. The armature consisted of 40 T-flhaped 
punchings, like Fig. 410, surrounded with coils each working at 
100 volts, the whole being coupled up in two series of 20 each. 
The rotating field-magnet is 299-2 centimetres in diameter, and 
38 centimetres wide. The electrical efficiency is given at 95-6, 
and the nett efficiency at 91-5 per cent. Four veiy fine 
examples of the Ganz alternator exist in the central station 
of Rome,^ each being of 320 kilowatts capacity, driven direct 
at 125 revolutions per minute by sefmi-ate compound engines 
of 500 HP. each. They have rotating field-magnets with 
40 radiating poles of solid iron, the diameter being over 9 feet. 
The interior diameter of the armature ring fi-ame is about 
9i feet, the core being built up of sheet ii-on and paper as 
described. There ai* 40 coils, each generating 50 volts, all 
united in series, and capable of carrying 200 amperes, the 
wire being 6 mm. in diameter. The bobbins of the field- 
magnet coils are wound on rectangular split-zinc formers 
about 15 inches high and 20 inches wide, the windings being 
more numerous toward the outer end. The armature 
windings, 30 in each coil, are contained on vulcanized fibre 
frames 19 inches long, 10 inches wide, and 2 inches deep, and 
are clamped in place by skeleton bmnze fi'ames. 

Siemens Alternators. — Messrs. Siemens and Halske were 
early in the field in 1878 with alternators designed by von 

1 See description by Mr. Ssson, and cut, EtKrArical Review, xxix. 503, IS91. 
■ See description by Prof. Flemmlng la the Electrician, xxv. 317, 1890. 
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Hefner Alteneck ; having a disk armature (see Fig. 412), in 
which the coils are wound usually without iron, upon wooden 
cores. Copper ribbons insulated from one another by strips 
of vulcanized fibre are used for tlie coils; the connexions 
being made by soldering the strips with silver solder. In 
some forms of the machine, the individual coils are enclosed 
between perforated disks of thin German silver. When 
Fio. 426. 



Siemens Alternator, with its Excitee, 

currents of great strength are required, but not of great 
electromotive-force, the coils are coupled up in parallel 
instead of being united in series. In Fig. 426 a small con- 
tinuous-current machine of vertical pattern, such as was 
described on p. 193, is shown in action as an exciting machine 
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to furiiiHli tlie magnetizing currents to the stationary field- 
magnets of the iilteinator. 

■ Morerecently Messrs, Siemens anil Halskeliavemtiinied to 
a patternmore nearly resembling Lon tin's design, with a multi- 
polar rotating field-magnet and fixed external armature. Tlie 
lai^e 330 kilowatt machine shown at Fi'ankfort in 1891 is ilo- 
picted in Fig. 427. The field-magnet conaists of 60 bohbins 

Fia. 42T. 



SiBHEH? AND HaLSKE ALTBR1TAT0& 

■with lAir.inated cores built upon the rim of a fly-wheel, 37 
meti-ea in diameter over all ; whilst the armature ring is 4-6 
metres (14 ft. 9 in.) in external diameter. Wlien running at 100 
revolutions per minute, it yields 105 ampei-es at 2000 volts. 
The construction of the armatnre is as follows : — A laminated 
ring of 60 segments, each built up of straight iron plates 
stamped with end-projections, is held together firmly in a 
cast-iron frame. Each segment before being put in place is 
wound witli 20 turns of a conductor made of stranded copper 
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wire compressed to a square section, each wire in the strand 
being lightly insulated with a coat of enamel. The ring thus 
formed is 4-6 metres in diameter, and 50 centimetres in 
width panvUel to the axis ; the end projections of the core- 
plates constituting 60 internal teeth. It is tlierefore simply 
a laminated Pacinotti ring with sections coiled alteinately 
right and left-haiidedly. Any one of the sections can ho re- 
moved singlj' for i-epair. The laminated magnetxores carry 
56 winding's each, and receive a current of 56 amperes at 70 
volts for excitation. 

Gordon's Alternator. — Gordon's alternator was described 
and figured in the earlier editions of this book. It has twice 
as many coils in the fixed armatures as in the rotating mag- 
nets, there being 32 on each side of the rotating disk, or, in 
all, 64 moving coils ; while there are 64 on each of the fixed 
circles, or 128 stationary coils in all. The latter are of an 
elongated shape, wound upon a bit of ii-on boilei'-plate, I)ent 
up to an acute V form, with cheeks of perfomted German 
silver as fianges.' The result of thus arranging the coils in 
two sets is that there are two distinct currents differing in 
phase by a quarter i>eriod. The armature parts of the 
machines used at Paddington have lately been reconstructed 
and laminated more thoroughly, to obviate tlie waste by 
eddy-cuh'ents, '^hich was serious In the machines as fii-st 
designed. 

Elwell-Parker Alternator. — This machine, built by the 
Electric Construction Corporation, Wolverhampton, is shown 
in PIat« XXIV. The field-magnets, which are internal and 
revolve, present a set of radiating poles, built uix>n a founda- 
tion ring of mild steel, into which the magnet-cores of soft 
wrought iron are securely bolted by T-shaped pieces, the head 
of each,which forms a pole-piece, grooved on its surface, and 
the shank of which passes through the core and foundation 
ring. The armature-core consists of an external asKsemblage 
of segmental core-rings bolted between two end frames of 
castiron. The armature coils, which are separately wound 

1 For farther detallB of the Gordon dynamo, see Mr. Gordon's Practical 
TreatUe on EUttric Lighting (18S4), p. 162. 
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of copper ta^je on wooden cores, are seeuredby wooden clamps 
and iron bolu against the inner periphery of the core-rings. . 
The external breadth of each anntitm'e coil is equal to the 
pitch, and the internal breadth is slightly less than the width 
of the pole-face. 

The following are particulars of two recent Elwell-Parker 
alternators of 30 and 50 kilowatts lespectively : — 

Output (watts) 30000 60000 

Amperes 30 25 

Volts 1000 2000 

Frequency (periods per second) 60 83-8 

Revolutions per mtnute 600 500 

Number of poles 12 20 

DlameterofF.M. circle ■ .. .. SO" *&^" 

Lenglli of magnet cores «(" 81" 

Section of magnet core:— Width 3" 2" 

Breadth 6" ■ 10" 

Pole-faces:— Widtli 4i" 31" 

Breadth 6" 10" 

Turns on each P.M. pole 267 341 

Exciting current 16 to 18 ll'8toI2-3 

Resistance of magnet coils (ohms) 3'26 S'5 

Clearance from poles to colls of armatura .. \" i" 

Total clearance poles to core-rings .... i" W" 

Armature core, internal diameter 37" 46^* 

„ „ external „ 45" 66i" 

„ „ external breadth 6i" lOJ* 

Armature coils, number of 12 20 

Aperture in coil, length of 8" 121" 

„ breadthof 41" 31" 

External breadth of coil fl|" 7^' 

Turns In each coil 34 28 

Width of copper ribbon 025" 0-26" 

Thickness of copper ribbon 3060" 0049* 

Total weight (lbs.) of copper on armature . . 00 US 

Plat« XXV. depicts the Elwell-Parker alternators as used 
in the central station at Manchester Square, London, each 
coupled direct to a triple-expansion high-speed Willans 
engine. 

■ Ferranti'ii Alternators. — This machine, as brought out in 
1882, was based on the joint but independent proposal of 
Sir W. Thomson and Mr. S. Z. de Ferranti to substitute 
wave-windings for coils. 
Sir W. Thomson proposed originally that the armature 
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should consist of copper strips wound in a star fashion between 
projecting teeth on a wooden wlieel. He also proposed to 
use as field-magnets a form of electromagnet in which die 



Febbamti Abuatube (: 
FlO. 42ft. 



DiAORAU or (old) Fbbranti Alternatob. 

wires that hring the exciting current pass up and down, in a 
zigzag form, between iron blocks projecting from an iron 
frame. In the machine as constructed at that date,' the field- 



iv.t^iOO^IC 



670 Dynamo-JiJiectric Machinery. 

magnet consisted of two crowns of alternate poles, preuUely as 
in the alteniatoi^ of Wilde & Siemens ; and the armature 
consisted of strip copper bent into a wavy star form. There 
were eight loops in the zigzag (iis shown in Fig. 429, which 
depicts half only of the arrangement), and on each side were 
sixteen m^net poles ; so tliat the moving parts were twice 
the angular breadth of tlie fixed parts. The copper strip 
was wound i-ound on itself (with insulation between) in 

Fig. 480. 



FEEEiNTI-THOBISON DTNAHO. 

many layers ; the limls of the star being held in place by in- 
sulated bolts passing through star-shaped face-plates of brass. 
The advantage of the armature of zigzag copper was supposed 
to lie in its strength and simplicity of construction. 

The framework of tlie field-magnet was cast in two halves, 
which were lield together by bolts. 

In the later alternators of Ferranti the zigzi^ mode of 
winding has been entirely abandoned, and tlie coils are wound 
separately and then assembled into a disk. The mode of 
construction is explained by the figures which follow, and by 
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those on Plate XXVI. Eacli coil is wound upon a rigid core. 
The cores are conatructed of brass stilps spreading fan-wise, 
with asbestos between, brazed solidly together at one end, and 
to a brass piece which is drilled with aii ^i m. 

aperiiure A (Fig. 431). The winding, _ 

the inner end of which is soldered to | 

the brass piece, is of ribbon copper 
slightly coiTugated to secure greater 
rigidity, wound with a tape of thin 
vulcanized fibre between. The coils 
are mounted in twos in brass coil- 
holders, depicted at D, Fig. 432, into 
which, with interposed layers of mica 
and fibre, they are secured by bolts 8ii)aLsCoQ.o7: 
which pass through their eyes. The AEMATOibt. 

two coils in each holder are separated mechanically and 
eiectricallj by interposing a piece of fibre of the form shown 



FiQ. 482. 




Details of Ferranti Armature. 
atH ; but the holder constitutes a metallic connection from the 
eye A of the one to the eye A of the other. Consequently, 
8 current circulating from outside to inside of one coil must 
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circulate from inside to outside of tlie other. The outside end 
of each coil is joined to the outride of tlie nearest coil in the 
next holder. The holders must of course be insulated, and 
yet held mechanically and firmly. For this purpose they are 
provided with a tail-piece D', of circular section, which passes 
through a porcelain bush E,and is threaded to receive a metal 
foot which is further secured by a pin passing through D'. The 
tail-piece, protected by its poicelain bush, passes through the 
rim of a strong foundation ring, having apertures into vhich 
Fio. 488. 



Fbrrahti Ariutcke, showino Hodb of HoxntmiQ Cons and 
Coil-holders. 

the metal feet are inserted, but which are much wider than 
them. The gap between tliem in then filled up by pouring 
in a molten compound of sulphur and powdered glass, which 
secures and insulates them. On the side of each coil-holder 
piojecta a small oblique wing, to promote ventilation. In all 
the larger machines the coils are connected up, as shown in 



by Google 



AUeniaiorg. 673 

Fig. 433, in two series, which are joined together in parallel. 
This grouping is effected by placing all the coila in one half 
circnrnfereiice right-hiuidedly, and in the otfier left-handedly. 
Two copper rods pasa inwardw fi^oui the biil-pieces of two 
of the coil-holdenj at opixwite ends of a diameter, and are le4 
to the collectors. 

Fio. 4Si. 



CONNBZIOTIS OF FEKHAim AlaUTDSS. 

The collecting arrangements are separately shown in 
Fig. 435, and ai-e mounted on the end of the shaft. One 
connexion frara the armatui'e coilt) communicatee with a 
structure consisting of three anns at 120° apart. These 
passing out tlirough ebonite bushes unite to a copper cylinder,, 
which passes through a lai^e ebonite bobbin provided with 
deep flanges at back and front. Upon the front end of this 
cylinder two collectors press, each collector consisting of two 
half-rings L of copper united by C-shaped springs. These 
two collectors are united by a cui-ved connector to the insu- 
lated junction-piece R going to the circuit. The other con- 
nexion from the armature coils is united by three otherarma 
to a copper mantle outside the ebonite bobbin, and on this 
mantle press two other collectors T^', similar to, but slightly 
lai^er than the former pair. These communicate with the 
other pole of the circuit. 

In Plate XXVI. are depicted two forms of Ferranti's alter> 
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nntors. Fig. 1 relates toaSOOliorse-powernuichine, and gives 
a view of half the armature and half the field-magnet. Here 
it is seen liow tlie copper connector D* passes from the coil- 
holder I) to j»i, a bolt uniting it to one of the three arms of 
the collecting apparatna. The cut also shows how the field- 
magnet id built ill two seiuirate halves, each of which caii be 



COLLBCTORS Of FERRANTI'B ALTERNATOR. 

racked laterally aside by a lever N and rack M to exiMwe the 
armature for cleaning or repaii-s. The speed of this machine 
is 350 revolutions per minute, and the diameter of the arma- 
ture 5 feet 6 inches. 

Figs. 2 and 3 of Plate XXVT. represent on a scale of ^ 
the 12-50 horse-power alternator as used at the Deptford 
lighting-station. Tliese machines, capable of giving 100 
amperes at 10,000 voltj^, when running at 120 revolutions per 
minute, are driven by mpe-gearing fi-oin engines of marine 
tj'pe. The pulley, which hits grooves for 27 ropes, is nearly 
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10 feet in diameter, and over 10 feet long. It is built iii two 
parta N and N^, united by bolts at a, and is keyed to the 
middle of tlie shaft between two bearings y mounted on 
pedestala wbicli curve inwards at botli ends. The journals 
are of unusual length, and the bearings swivel upon spherical 
seats. End play in prevented by collars at the outer ends of 
tlie sliaft. Tlie exact position of tJie pulley upon the shaft 
can be adjusted by a central screw collar c, turned by a 
handle U. Thi.sadju^tmentiai'endered necessary because the 
armature is mounted upon the end rim F of the pulley itself, 
overhanging tlie bearing ; and, as the clearance between the 
armature-coils and the m^net pole-faces is very small, any 
wearing of tlie bearings might cause the armature coila to 
«ome dangerously close to the pole-facea. The coil-holders 
sad porcelain bushes are shown at D and E. The magnet- 
poles are held in a large external cast-iron frame. There are 
48 poles in each crown, of alternate polarity. The faces are 
■covered with caps of tliin ebonite to protect E^Eunst spark 
discharges from the coils. The armature coils, also 48 in 
number, are each capable of generating about 420 volts, and 
-will cany a current of 50 to 65 amperes without undue 
lieating. The mean diameter of the armature is 15 feet, and 
its thickness at the working part is only 2 inch. The pe- 
Tipheial speed is therefore 5850 feet per minute. Owing to 
the mode of driving the armature, the insulated copper connex- 
ions must pass through the bearing, and are tlieref ore carried 
Along in a channel tlirough the shaft. The most elaborate 
precautions are taken against the possibility of a stoppage 
arising from over-heating of the bearings. There is a double 
circulation of water and of oil. On the end of the sliaft 
opposite to the collecting apparatus an eccentric works an oil- 
pump p, which pumps oil Uu-ough a filter outof tlie reservoir 
R under the platform, and distributes itunderpressure to the 
oil-ways a in the bearings, whence it returns to tlie reservoir. 
In Plate XXVII., Figs. 1 and 2,are given dmwings of the 
atill lai^er alternator, nearly completed but not yet erected, 
at Deptford. This machine will furnish 750 amperes at 
10,000 volts, furnishing light for 200,000 glow-lanii^, and 
requiring 10,000 horse-power wlien ninningatOO revolutions 
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per minute. The mean diameter of the armature ia 45 feet 
(nearly 15 metres), with a peripheral speed of nearly 8000 
feet per minute. The coils, of which there are 48 pairs, are 
constructed and connected aa in the machines previously 
described, but are carried upon the rim of a lai^e fly-wheel, 
the rim of which weighs nearly 200 tons. The weight of the 
completed armature is about 225 tons. The two crowns of 
field-mf^nets weigh together m th their frames about 450 tons. 
The ftrmatoie-wheel is carried upon the middle of a long 
crank-ehaft, having a crank outside the beaiings at each end. 
Right and left stand two compound maiine engines, each of 
5000 horse-power, which stand about 60 feet high from the 
ground, and about 80 feet high from the bottom of the magneto 
frame, which is sunk below the level of the ground in order 
to lower thelevel of the shaft. The collecting arrangements, 
though not placed at the end of the shaft, are very similar to 
those of the smaller machines. 

Pargons Alternator.^ — This is a bipolar machine, running 
at the extraordinary speed of 6000 or even 8500 revolutions 
per minute ; the armature being a plain drum. It is coupled 
direct to a special high-speed steam turbine by the same 
inventor, 
~^ Mordet/^g Alternator. — This striking form of machine, first 
brought out in 1888, Is constructed by the Brush Electric 
Engineering Company, of London. It is depicted in Figs. 436 
and 437 and also in Plate XXI. It differs in several essential 
features from the antecedent forms. Though, as before, there 
are two crowns of poles between which the armature lies, all 
the poles on one side are of one kind, north poles, and all 
those on the other side are south poles. Hence there is no 
revereal of the magnetic field through the armature coils j the 
number of magnetic lines through any coil simply varying 
from zere to maximum and back. As a result of this 
arrangement, there is a great simplification of the means 
needed to magnetize the field-magnets. It is no longer 
necessary to wind n separate magnetizing coil on each pro- 
truding j)ole. One single coil suiTouuding a central cylinder 
1 See Electrician, xx. 10.1, 1887; and Proc. laal. CicU Engineer, xcvlL, 
Tel. 1888. 
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of iron suffices to magnetize tlie whole of the poles. There is 
indeed only one magnetic circuit, branching into separate 



branches. The construction of the field-magnet, of ^vhich a 
section Is given in Plate XXI., and which is seiKirately 
shown in Fig. 437, is as follows : — - 
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A short cylinder of \vrouglit iron, tliroiigli wliiclitlie shaft 
posses, forms tlie core, and is surroumled hy tlie exciting coil. 
Against the ends of this core are finnly Hcrewed U}) the two 
end castings, each of which is furnished with a number of 
curved horns (nine in small machines, twelve in larger ones), 
projecting to within about 17 millimetres, the narrow polar 
gap lieing onlj' just wide enough to ndmit the armature. The 
entire field-magnet revolves on the shaft, the exciting coil 
being supplied with cun-ent from a separate machine of small 



FlELD-KAONET OF MORDEY'S ALTERNATOR. 

eize by means of the two contact ling.i on the shaft on the 
right in Fig. 437. There i^ no need for the exciting coil to 
revolve ; but for mechani,.'al reasons it was deemed preferable 
to wind it actually ujMiti the field-magnet core. The armature 
(Fig. 438)." which stands still, consists, in the smaller 
machines, of 18 coils of nan-ow riblxm copper 11 millimeters 
wide, sepai-ated by strii»s of verj' thin fibre wound on porcelain 
cores. The separate coils are clamped at the Inoad end, by 
means of German-silver coil-holders lined with mica and 
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fibre and embedded in ebonite, to a liglit but firm frame of 
gun-metal, the enils of tlie conductoi's of each coil being 
brought out through porcelain insulatoi-a and suitably conr 
nected together. All the metal clampings are outside Uie 

110.488. 



Arm ATtntB of Mohdey's Ai-TsatNATOR. 

m^netic field, and they are so arranged that any one coil 
can be removed in a few moments without dismounting any 
other part of the machine. Each o£ the coils is provided 
■with a screw device for thrusting it towards the centre, so 
that all the coils are wedged tightly together. As the arma>- 
ture is stationary there are no centrifugal forees to be con- 
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eidered, and the coila have to be supported only with a view 
of resisting the tangential drag of the field. This renders 
the insulation of the armature coils a very simple matter, 
and is of great importonce in working at high volts. The 
revolving field-magnet forms an excellent fly-wheel, effectu- 
ally neutralizing any pulsations due to irregularities in the 
stroke of the engine, and as there are no parts liable to fly 
out, a liigh speed of driving presents none of the difficulties 
that arise with many other types of machine. In Fig, 486, 
which gives » view of the complete machine, the field-mag- 
nets are almost hidden by the external webs which cover the 
spaces between the projecting poles to prevent too great a 
disturbance of the air by the rotating pole-pieces. The 
shaft, as shown in Fig. 437, is provided at one end witli a 
thrust-bearing resembling that of a marine propeller, and the 
bearing blocks are made adjustable longitudinally, so that 
the field-magnet may be placed exactly symmetrically with 
respect to the armature. In the latest machines end-play is 
prevented by shoulders on the journals, this form being leas 
liable to heat. The exciter is a small four-pole Victoria 
machine (p. 498), weigliing but -^ of the weight of the 
alternator: the excitation taking 1 HP. The electromotive- 
force in a 20 kilowatt machine is 1 volt per 8^ inches of 
conductor in this machine. The very low resistance of the 
armature, and almost complete absence of armature reactions, 
makes the machine almost self-regulating. One advantage 
in this type of machine is the little labour required in wind- 
ing ite coila ; and the simplicity of the tooling and fitting of 
the iron poitions is a great gain. 

The following is a description of the 75 kilowatt (or 100 
HP.) alternator depicted in Plate XXI. Output (as usually 
wound) 87'5 araj>ere8 at 2000 volts, when running at 500 
revolutions per minute. A8therearel2[Ible3, the number of 
periods is 6000 per minute or 100 per second. The armature' 
consists of 24 coils, usually wound so as to be all united in 
series: each coil working at 83-3 volts and having aresii^tance 
of 0-051 ohm. The total resistance of the armature is 1-22 
ohm ; hence at full load the lost volts are 87-5 X 1*22 = 
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56'75, and the watts lost by internal beating 1715. Tbe 
armature coils are wound with copper strip 0-375 inch wide 
and 0-030 inch thick, the turns being separated by an insulat- 
ing tape so thin as to be transparent. The polar gap ia 0-75 
inch across. The amperage at full load is no less than 8300 
amperes per square inch. This figure, which in many types 
of machine would involve unsafe heating, is not high enough 
to do more than produce a gentle rise of temperature owing 
to the excellent conditions of ventilation. So it comes about 
that in this machine the limit of current-density is not fixed 
by risk of overheating, but by considerations as to the eflSciency 
and the slope of tbe characteristic. For the other losses in 
tbe armature hivve been reduced to a negligibly small amount 
by attention to details. Loss by hysteresis there is none, 
owing to absence of any armature core. Tbe eddy cnrrenbi 
in the tape are trifling, it being so thin and needing no fur- 
ther lamination. Further, tlie coil-holders do not penetrate 
into the polar gap, but merely pass across the fringe of the 
field. They are moreover of German-silver, tbe high specific 
resistance of which alloy reduces the losses by eddy currents 
to ^tb or j]|fth of what they would be if brass were used. 
That the waste is almost entirely confined to the tV loss is 
afforded by the fact that the machine when driven on open 
cireuit, but excited to give its full voltage, only absorbs 3 
HP^ the armature keeping quite cool. This is a very 
important point in all machines intended for central station 
»ise, as the wasted power forms a very much higher per- 
centage of the total power when machines are running with 
light loads, than when they are fully loaded. And it by no 
means follows that a machine which shows a high efficiency 
at full load will show a high efficiency at low loads during the 
day-light hours. This is a point which Mr. Mordey early 
recc^^ized and strove to meet in his designs. Tbe field- 
magnet coils are usually wound to take a current of 176 
amperes at 65 volts ; or requiring 1150 watts, at full excita- 
tion. Tbe electrical efficiency may be calculated as follows. 
Kett output 75,000 watts ; armatore loss 1715 watts ; field- 
magnet loss 1150 watts; total power absorbed 77,865 watts ; - 



iv.t^iOO^IC 



682 Dynamo- Electric Machhiery. 

electrical efficiency 96-82 per cent. The makers giiai-aniee a 
commercial efficiency ol 93 per cent. Tlie uloseness of agree- 
ment of the commercial efficiency with the electrical efficiency 
isnmea.sureof the goodness of design ; being a pi'oof of absence 
of friction, hysteresis and pai'asitio cuii'ents. It is a cuiious 
point that in many machines these losses, though gi'eat at 
low loads, are not only pi-o[)ortionally but actually less at 
full load. But machines which show great losses at low 
loails are uneconomical for central station work. 

Tlie Bmsli Electric Engineering Company has just com- 
pleted some large alternators of 250 kilowatt capacity, having 
a nett efficiency of over 95 per cent. These are provided with 
a special oil-pump, consisting of two toothed wheels about li 
indies in diameter, geared to one another, and enclosed, 
wliich draw in the oil between tlie teeth and deliver it under 
the journals at a pressure of about 60 Ub. per sq. inch. There 
ia a sight-drain for the oil, enabling the attendant to be sure 
that the lubiication is efficient. The following are paiticu- 
lars of a 250 kilowatt alternator : — 

Held-nu^net has 20 pairs of polee ; revolving at 300 revolutions per 
minute gives 100 periods per second. Weight of revolvii^ magnet and 
shaft 15 tons : total weight of machine 30 tons. Magnetization of poles, 
7400 tines per square centimetree. Breadth of singie armatmv coil, l-fg 
inch (— 9°) ; effective length of ditto 10^ inch ; width of ooU, f inch. 
Excitation on open circuit takes 3800 watta : eH full load, 8650 watta, or 
less than Ij per oent. of output. Drop in volta at full load, if eicitation 
is constant,' 4^ per cent ; electrical efficiency (including excitation), 97 
per cent. ; guaranteed commercial efficiency, 9S per cent. The eliding 
connexions for the exciting current are made by two flexible strips of 
metal gause, we^hted at one end, whicb hang over the two contact- 
rings. 

Some still lai^er machines of 500 kilowatts are being con- 
structed from Mr. Mordey's designs, 

Mr. Mordey has designed* a considerable number of alterna- 
tive forms, all characterized by the combination of the two 
principles of simplicity of magnetic circuit and non-reversal 
polarity in the armature. Some designs for machines of kin- 
dred type have been patented by W. Main,* 

1 Specification of Patent, S2B2 of 1887. 

' Spetdflcatlons Nos. 15,&18 uid 16,032 of 1887. The device of emplox- 
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Inductor Alteunatoks. 

Mordey'a Inductor Alternators.— \a iiiductiir alternator of 

Mordey'B desig/i ia shown in Fig. 439. The armatuie coils « 

no. 489. 






I* * 1 



m 



Hobdet's iNDncTOR Altkhnatob (Rret Type), 
are placed upon the ends of U-ahap^ iron stampings a, 
arranged in seta around a single exciting coil c. A number of 
plates of laminated irdn i, fixed upon a central wlieel, are 
carried past the outer masses of iron, find reinforce their mag- 
netic circuits in alternating succession.' 

Although in this form only a single annular field winding is 
used, the armature winding consists of a considerable number 
of coils. In a later patent' the same designer has suggested 
several forms iu which he employs only a single annular wind* 
ing for the armature as well aa for the field. Fig. 439« 8how» 
In; 6rid-magneU witli a greater number of pole-pieces tlian of exciting coils- 
bad b«en prevlonsly employed by Holmes (SpeclflcatlonB 2060 ol 1808), and 
more recently by J. sad K. Hopklnaon. 

' This principle suggested, by several early irorkers (see Historical 
Notes, p. ll)i was revived by tbe author of tlils treatise In 1883, in a form 
which Is descrli>ed In his Speclllcation of Patent, No. 1639 of 188.1, and 
which led up to Mr. KIngdon'a. Drawings of this latter machine are given 
In iOeeerfctU BnAevs xxlL 178, 1888. 

■No. 6163 of 1888. 
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the application of this princij)le in an inductor alternator, in 
which c is tlie exciting coil and e is the armature winding, 
Thia macliine may be looked upon as an apparatus forperiodi- 
cally varying the mutual induction between two circuits, in 
one of which there is a steady current. 



LBEl 
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MoBDBY'a Indoctor Altkrnatoe (Second Typ*')* 
Fio. 440. 



Kejodon'r Inijuctob Ai-trrnator. 

iiBgrifcwi'g Inductor Alternator. — The last - mentioned 

machine closely resembles an earlier and successful design of 

Mr. J. A. Kingdon. In this dynamo the priiicijile of fixing 
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both armature and field-magnetB is applied in a different 
fashion. A ring having a lai^ number of internally pro- 
jecting poles is entirely built up of laminae of soft iron. The 
alternate poles A are wound with coils to serve as armature 
parts, whilst those between them F are wound with other coils 




EUHU Thombok^ iNSnCIOR Dynaho. 
to act as the magnet part. Upon an internal wheel are borne 
masses of laminated iron P, which in rotating produce rapid 
periodic reversals in the magnetic polarity of the cores of the 
armature parts, and set up alternate currents iu the coils that 
surround them. 
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Ill the 504{ilowatt macliine tliere Ai-e 16 field-mi^net or 
primary coils, and 16 armature or eecondaty coils. The 
inductor wheel carries 16 inductor blocks each, just long 
enough to apait tlie width of two successive coils on the poles 
of the outer ring. Ite diamet«r is 4 feet 5 inches, and breadth 
12 inches ; speed S50 revolutions per minute. Two of these 
alternators supply the central station at Woking. Another 
was shown at Frankfort by Messrs. Woodhouse and Raivson. 

Gliuc Thomsos's Inductor Alternator. — In this mnchine 
also, the only rotating parts are of iron. On a central cylinder 
of iron, 11 (Fig. 441), are fixed a number of plates stamped out 
b> the form shown at X. Outside this revolving paH is an 
armature A built of toothed core disks, having coils on the in- 
wardly projecting teeth, which are twice as numerous as the 
projections of the inductor part N. Some fixed coils placed on 
either side of N are separately excited so as to make N a north 
pole, and the end frames of the machine south poles. ITence 
the inductor becomes virtually a rotating field-magnet, having 
a set of poles of but one polarity, which completes tbeir mag- 
netic circuit through Uie armature coils in alteniate succession. 
Some large central station alternators on this plan, having a 
capacity of 375 kilowatts, have lately been constructed. The 
inductors are carried on a wheel 6^ feet in diameter. There 
are thirty-six armature coils. 

Ketmedy'i Altematora. — N^umerous ingenious designs ot 
kindred type have been produced by Mr. Rankine Kennedy. 
CONSTANT-CORRENT AlTERN ATOM . 

A variety of alternators for supplying currents of an 
unvarying number of virtual amperes for the purpose of arc- 
lighting in series has been evolved in tlie United States; the 
principal forms being those of Stanley ^ and of Heisler.' The 
principle of these machines is to so construct the armature 
that it has great self-induction. This is accomplished in the 
Stanley constant-current alternator by using in the armature 
a fine wire of many turns wound deep in nicks in the core- 

' Electrical Wortil, xv. 45, and svi. 330, 1800 ; also The EieetrieUatf 
zxlv. 628, zxv. IV), and xxvi. 20, 1890. 
* Electrical Beeiew, xxv. 207, 1860. 
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It has been pointed out on p. 642 that the separate circuits 
of the winding of Gramme's alternator would yield alternate 
cuiTents which differ in phase from one another, and, there- 
fore, must be used in different circuits. Quite recently 
alternators generating curi-ents of differentphases have come 
into vogue, not foilightingbutfor supplying power to motors 
of a siiecinl class (see p. 703), namely those requiring multi- 
jibnae cun-ents. 

The principle of multiphase working consists in providing 
the amiAture of the alternator with coils grouped in sets of 
two, three, or more, which come snccessively into action in 
each period. Several ways of arranging such windings are 
further considered in Chapter XXIY, on Alternating Motors. 
For the present it will suffice to say that whether the arma- 
na. 443. 



Dktklopkd Duorah op Three-phase Windiko. 
ture be of ring, drum, pole, or disk type, it is always possible 
to arrange for multiple circuits by properly spacing the coils 
. with respect to the field-poles, and the method ia equally 
applicable to lap-windings and wave-windings. One example 
only is given here, of a three-phase winding. In Fig. 442 are 
shown three separate wave-windings A, B, and C, which are 
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spaced out at equal distances from one another, the width 
between Uie separate active conductors being one-third of the 
pitch. At one point J these t}iree windings form a common 
junction, whilst their other ends are sup- 
posed to be connected to three contact 
lings, to each of which there is a col- 
lecting bmsh. This figure should be 
compared with the ordinary alternator 
windings. Figs. 202 and 203, on p. 313. 
The winding shown would yield three 
currents differing in phase by 120*. The 
three-phase principle may te illustrated 
by a diagram such as Fig. 443 oh the 
same plan as Fig. 396, p. 621. Tlie three lines at 120° apart 
are supposed to rotate ; and the lengths cut off by the two 
inner circles indicate tlie values of the varying electromotive- 
forces ill the tlii'ee circuits. 

Brown''* Three-phase Alternator. — This alternator, which 
was designed for supplying the currents in the famous trans- 
, mission of power from Lauffen to Frankfort, in the autumn of . 
1891, was constructed at the Oerlikon works. Its aspect 
is shown in Plate XXYIII. The machine generates three 
currents each of 1400 amperes at a pressure of 60 volts, 
taking 300 HP. when running atlSO revolutions per minute. 
The ai'mature, which Is external, is stationary, whilst the 
field-magnet, which has 32 alternate poles, rotates within. 
The latter is shown separately in the second figure. The , 
■armature winding consists of 96 copper rods, each being 
29 mm. in diameter, arranged in three sets of 32 each, 
connected as in Fig. 442. Tliese rods, insulated within 
asbestos tubes, are buried in holes punched in the core-disks, 
(see p. 347), just within tlie inner periphery. The core-disks, 
.which are stamped out in segments, are assembled in a strong 
east-iron frame, which can be moved bodily along the bed- 
plate, exposing the fleld-magnet for cleaning. The field- 
magnet is of great solidity and simplicity, Iiaving but a single 
mi^netic circuit. The exciting coil is wound on the 
penpheiy of a sort of pulley of cast iron, to which are bolted 
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two steel rims, each of which has 16 projecting horns. These 
lioms project inwardly, the N-poles between the S-poles oveir 
the exciting coil in the manner sketched in Fig. 444. This 
arrangement, which in general lesembles Mordey's, reduces 
the cost of 4>nsti'uction and of excitation to a niininium. In 
fact, on open circuit only 100 watts are spent on excitation — 
one twentieth of one per cent, of the output ; and at full load, 
when the armature reaction is pj^ 44^ 

a maximum, it is still far less 
than one per cent. This ex- 
citation is furnished l^ a small 
Oerlikon dynamo. For con- 
venience of use with a turbine^ 
the field-magnet is over-hung.- 
The exciting current is con- 
veyed to the rotating part by 
means of flexible metallic 
cordd running over insulated 
pulleys, in lieu of the usual 
contact-rings and brushes. At 
full speed and normal voltage, 
the loss by friction and hysteresis is 8600 wattB,-or under 
I'T per cent, of the maximum output. The loss by resist- 
ance of armature windings at full load is 3500 watts, making 
total loss under 4 per cent., and commercial efficiency 96 per 
cent. The heating is, in the total absence of eddy-currents, 
quite negligible. The weight is 4i tons. Alternatoi-s of this 
type will mn as motore, synchronously, hut with the great 
advanUige over ordinary two-phase alternators of being self- 
starting. 

Coupling of Altemate-eurrent Dynamos. — Tlie chief princi- 
ples governing the working of two or more alternate-current 
machines on the same circuit were experimentally discovered 
by Wilde, and described by him in a paper published in the 
PhUotophieal Magazine as far back as Januaiy 1869. In the 
midst of the labour devoted during succeeding years to the 
development of direct-current machines, Wilde's paper 
appears to have been quite forgotten, and it was not until 
44 
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Dr. Hopkinson independently took up the question and 
treated it in his lecture on "•* Electric Lighting," before the 
Institution of Civil Engineers in 1883, that attention was 
recalled to the subject. Dr. Hopkinson'n methodpf procedure 
differed essentially from Wilde's in that he first deduced the 
behaviour of certain alternate-current dynamos under given 
conditions from theoretical considerations, and afterwards, 
when opportunity occuiTcd, practically tested and verified 
his theoretical conclusions. In the following remarks we shall 
chiefly follow the line of ai^ument used by Dr. Hopkinson. 
In order tliat two or more alternate-current machines may 
work usefully together, it is etmilj seen that the periodic time 
of the alternations of one machine must be exactlyequaltoor 
at least some veiy small multiple of the periodic time of the 
otlier. In practice only the first case has been carried out 
hitherto. Let us consider then the case of two exactly similar 
and equal machines, A and B, running at the same speed so 
that the periodic time of the alternations of electromotive' 
force is the same in each machine. If the phase ^ of these 
two machines happens to be exactly the same, and they are 
joined in series, then evidently the two electitjmotive-forces 
will be added together and the two machines will behave as 
one. But such a condition of affairs will be unstable ; and if 
anything happens, such as a slip of one of the driving-belts, 
to alter slightly the exact agreement of phase, the mutual 
electrical action will tend to increase tlie difference of phase 
instead of countei-acting it. In Fig. 445 let the abscisste 
measured along O X represent time, and the vertical 
distances electromotive-force ; then the curves AAA and 
B B B will represent the niai-ch of the alternations of electro- 
motive-force in the two machines, the curve B B B, which 
lies to the right of AAA, being the one corre8j.>onding to 
the machine which lagd behind the other in pliase. The 
cu^^'e E E E, which is obtained by adding the oi-dinates of 
the other two curves, gives the resultant electromotive-force in 

1 B; the phase being the aame we mean that the maxliniim of positive 
electro motive- force occurs at e.rnitly the name imlant lu each machlnet 
la any otlier cue the phages differ. 
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the clrcnit tit imy inatant. As shown on p. 627, th« cmrent 
will have the same periodio time as this last electromotive- 
force, but will lag behind it in phase. It may therefore be 
represented by the dotted curve III, in which the ordiuates 
represent current instead of electromotive-force. Now the 
rate at which either machine ia putting energy into the circuit 
at any instant ia given by the product of the ordinate of 1 1 
at that instant by the ordinate of the electromotive-force 




curve for that machine at the same instant. Thus at the 
instant N the machine A ia doing work at the rate N K X N G, 
and the machine B at the rate N A X N G. The meaning of 
the product being sometimes negative ia that the machine is 
at that moment ahiorbing energy from the cii-cuit. Tlie total 
work done by either machine during a complete alternation of 
current is obtained \iy summing up for the whole alternation 
the above products, each multiplied by the small interval of 
time d t during which it can Ite assumed to be constant. This 
is most readily summed analytically, but may be done graphi- 
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cally as follows. Plot a new set of curves, in which tlie 
abecissse are the same as before, but the ordinates are the 
products of electromotive-force and current for each machine 
for each instant of time. The result will somewhat r^emble 




Fig. 446, which has been obtained thus from Fig. 445. Here 
the curve a a a refers to machine A, and bbhto machine B. 
The total work is obtained by measuring the area included 
between each curve and tlie axis of abscissEC, remembering 
that areas below the axis are to be reckoned as negative, and 
arithmetically deducted. A moment's inspection of these 



by Google 



Altertiators. 693 

curves will show that machine B ia doing more work than 
machine A. In fact, the curve aa a is symmetrical about 
the horizontal axis x' x', whereas the curve i & 6 is exactly 
similar to it, but is symmetrical about the higher axis x" x", 
and therefore the positive area included between it and the 
axis of time is necessarily greater than that for the curve a a a. 
The lagging machine B haii therefore most work thrown upon 
it, and will consequently be retarded ; thus the lag will be 
increased, and the resultant electromotive-force, and conse* 
quently the current, thereby diminished. But that the 
tendency will still be towards further lagging is shown in 
Figs. 447, 448, which are drawn in the same way and to the 
same scale as Figs. 445 and 446, but with increased lag of 
machine B. The If^ will therefore continue to increase, and 

Fio. 448. 




the resultant electromotive-force and current to diminish, 
until such time as the electromotive-forces of the two 
machines differ in phase by exactly half a period, aijd there- 
fore directly oppose one another. In this case the resultant 
electromotive-force will be continually zero, and therefore 
no current will flow. Figs. 445 and 447 will be reduced to 
Fig. 449. This condition of affairs is stjible, since if anything 
disturbs the exact opposition of phase the electrical action 
will tend to re-establish it. 

Another deduction from the above proof is that the 
machines will theoretically work pej'fectly well in parallel. 
For let A a (Fig. 450) represent the collector of machine A, 
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end B b those of macliine B ; then, as eliown above, if llieije 
are joined, A to B, and a to &, as in the dotted lines of the 
figure, no current will flow, and if an arc-lamp be placed in 
& a or B A it will not light up. In fact, A and B are botli 
at their mazimuci positive potential simultaneously, and at 




the same instant a and 6 are at their maximum negative 
potential. But this is exactly the xtate of affaiis which will 
enable xa to obtain a current through the circuit P R ^ joined 




on to the wires A a and B J at the points P and p. With this 
arrangement the machines are working in parallel through 
the circuit P R^- 

A still further deduction is that an alternate-current 
machine can be used as a motor. In this case machine B 
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(the lagging machine) is the generator, and is doii^ positive 
work upon the current, whereas machine A is doing negative 
work upon the current, t. e. is receiving enei^j therefrom, 
and is therefore acting as a motor. The conditions are that 
the htg of one electromotive-force hehind the other shall ha 




greater than a quarter period, the 1^ of the current being as 
usual either equal to or less than a quarter period behind 
the retultant electromotive-force. These statements are 
readily proved by renirawing Figs. 446 and 446 under the 
above conditions. Here ia the result in Figs. 451 and 452. 




A mote carious lesnlt still is that A can be driven as a 
motor by B even if its electromotive-force ig greater than that 
of B. The proof is precisely the same as that just given^ 
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and is left for the student to work out for himself as an 
exercise. 

All the curves given B,r& for the saine p&ir of machines, 
running at the same speed throughout, and with the same 
total resistance and inductance in the out«r circuit. The lag 
of the current behind the resultant electromotive-force is 
therefore the same in each case (see p. 627). 

It is scarcely necessarj to say tliat the analytical proo& 
are in perfect accord with the gi-aphic ones. A further result 
of the analytical method, which is not so amenable to 
graphic treatment, is tliat the energy wasted iu eddy-currents 
in the iron when the machine is ihort circuited is le»» than 
when it is running on open circuit, and therefore the machine 
will he cooler when osed to generate a current than when 
allowed to run without doing so. This fact haslong been well 
known in connexion with alternating-current machines, and 
is well illustrated by the following experiments made by Dr. 
Hopkinson on a De Meritens machine :— 

Power given to machine > o.i j.a na hk k.s 

Electric power developed 0-7 84 4-8 6-7 84 

Powerlost 3-4 1-4 1-8 08 2-0 

Uean current in amperes T-7 8B'e 51-7 73'8 IBl 

It will be noticed that the loss of power is leatt with maxi- 
mum load. 

The above conclusions have been brought by Dr. 
Hopkinson and Prof. Adams to the test of experiment 
with the three large De Meritens machines used for the 
investigation on " Lighthouse lUuminants " at the South 
Foreland. * 

Two of the machines were connected in parallel and 
clutclied together until they had attained their usual speed, 
■when they were unclutehed and each was driven by its own 
belt. The electromotive-force on open circuit remained steady, 
the machines continuing to rotate in unison, and was the same 
as that of one of the niaeliines when tested by itself. No 
currentpassed along the connecting wires. The circuit P Kp 
(Fig. 450) was now closed through an arc-lami> ; the machines 
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continued to run as steadily as before, althougli a large cur- 
rent of 221 amperes was passing through the arc. Lastly, the 
lamp circuit was broken, the machines were short-circuited on 
one another, and the belt was thrown off one of them'; it con- 
tinued to run at the same steady speed, being driven as a 
motor by the current from the other machine. Other experi- 
ments were made, all confirming the theoretical conclusions. 
Dr. Hopkinson has pointed out that, assuming the 
adequacy of his equations, which suppose all magnetizing or 
demagnetizing actions in the armature to be absent, it results 
from liis equations that two tvltemators running in parallel 
will tend best to keep in phase by mutual control when the 
ratio of their internal resistance to their coefficient self-induc- 
tion is equal to 2 ' times the frequency. This proposition 
has been supposed by some to imply that the presence of 
self-induction in the armature is good for alternate-current 
machines, in order to assist them to run in parallel. It was 
tlierefoi-e supposed that those machines having iron cores in 
their armatures were preferable to those having no iron. 
Indeed, Mr. Kapp ^ suggested at one time that to fit alterna- 
tors for parallel running, either their armature resistance ot 
their self-induction would have to be increased, thus reducing 
the efficiency of the plant. Against these views Mr. Mordey* 
has very clearly laid down the proposition that for successful 
parallel running both resistance and self-induction should be 
as small as po^ible, and all armature reactions should be as 
far as possible obviated by employing massive powerful field- 
magnets. He constmcted two alternators which conformed 
to this leading principle, each capable- of yielding IT to 20 
amperes at 2060 Volts when running at 650 revolutions per 
minute, and making a frequency of 100 alternations per 
second. With these two machines he conducted a numberof 
convincing experiments, which are described in the impoi'tant 
paper which he communicated in 1889 to the Institution of 
Electrical Engitieera. These two machines (each separately 
excited) ran perfectly when switched in parallel with one 

> Proc. Intt. Cicil Engineers, xcvil, 14, 1889. 

» Journal Inxt. Electrical Engineerg,svili. G91, 1889. 
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another: (1) when both were first brought to equal volt^^ 
and into agreement of phase, with or without a load of 
lamps on the cii-euit ; (2) when excited to 1000 and 2000 
volts i-espectively and setarately brought into agreement of 
phase ; (3) when excited to 1000 and 2000 volts respectively 
and switched together when out of phase, a suificient current 
passing for an instant fi'om one to the other to pi-oduce con- 
cordance of phsse ; (4) when separately excited to 2000 volts 
each, and switched together out of phase ; (5) when after 
running together in parallel one was suddenly disconnected 
from its driving engine ; (6} when after I'unning together in 
parallel, steam was suddenly shut off fixnn one engine ; this 
alternator then running perfectly km a motor and driving the 
engine and shafting. In all these cases there was perfect 
synchronism. The change of phase needful to convert a 
leading into a lagging^ machine need beonly tliroughasmall 
angle; but as in tlie altematore of Mordey's pattern (p. 676) 
the momentum of the moving parts is very gi-eat, nothing 
but a very considerable rush of current for an extremely short 
time would suffice to bring about tlie needful change of phase. 
Accordingly, Mr. Moi-dey holds that self-induction and resist- 
ance and anything else that could retard, check, or choke the 
free rush of current would be detrimental to the prompt and 
efficient mutual controlling action of the two machines. That 
a strong mechanical action does take place when an altera 
nator is suddenly converted from generator into motor, and 
is compelled to change its phase, is evidenced by a curious 
grunting sound which it emits at the moment. Sir William 
Thomson has expressed the opinion^ that the armature 
current may, under the various phase-relations, produce con- 
siderable quasi-permanent magnetizing and demagnetizing 
actions which affect the mutual control. Experience, how- 
ever, shows that if two machines are run with very weakly 
excited field-magnets their synchronizing power is practically 

■ These terma refer, aa above, to the leading or lagging of the electro- 
motive-force with reipect to the current. 

* Journal lauL Electrical Engineers, zvlll. p. 607, 188S, la the discoBdon 
frf Mr. Uordej's p^er. 
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nil, wliereas when strongly excited their synchronizing power 
is enormous. Tliis single fact shows that the ability to main- 
tun synchronifim depends on the forces which are due to the 
drag of the magnetic field on the armature conductor carry- 
ing currents. It therefore proves that the egsenUal fact in 
the maintenance of tynchranitm it the interchange of currents 
between the two machinet, which interchange of current alwayt 
net* upforcei tending to so alter the phate-relationtat to reduce 
such currents to a minimum. This proposition, which is a 
mere extension of the universal law of action for electric 
motois (see p. 589), is applicahle not only to those cases where 
one of the two machines is acting as a motor, hut to the cases 
where the machines are both acting as generators- When 
two machines are being used as generators, in parallel, it is 
alwa^'s possible to control the division of the load between 
them by controlling the amounts of exciting current 
supplied to their respective field-magnets. Tliey adjust 
their own phase-relations to suit. It is therefore clear that 
the question whether the ratio of self-induction to resistance 
has any particular value, is of quite trifling importance in the 
question of synchronization. For this ratio is practically 
the same, no matter whether the field is strong or weak, and 
jet the synchronization is entirely dependent on the field 
being strong. 

For further information on this subject the reader is referred 
to an article by Dr, G. Schmidt, in CeniralblattfarHlelclrotecA' 
ni^iz. 440, 1887, dealing with methods of indicatingdiffer* 
ence of phase in alternate-current dynamos, by Elihu Thomson, 
in Mectrical World, vol. ix, p. 258, May 1887, and vol. xi. p. 
8% Jan. 1888. 
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CHAPTER XXIV. 

ALTERNATE-CURRENT MOTORS. 

As pointed out on p. 694, an ordinary alternate-current 
generator may altto serve as a motor having the following 
peculiarities : (1) it will not start itself, but must be first run 
up to its proper speed, and then switched into eii"cuit ; 
(2) when once so staiied it will run in absolute synchronism 
with tlie generator at all loads within its range of work. 
JIany attempts have been made to devise self-starting 
alternate motors, there being now four well-established classes 
of such machines. The classification adopted is based upon 
that of M. Hospitalier.i 

Class I, — Synchronous Motors. 

This class includes all ordinaiy alteniatois having field- 
magnets either of pennaiiently magnetized steel, or separately 
excited from some independent source, or excited irova their 
own currents by tlie inten'ention of a siwcial commutator, 
as in the self-exciting alteniatoiB of Wilde (p. 646), of 
Zii)eniowsky (p. 662), and of Elihu Thomson (p. 660). Tlie 
essential feature of tliese machines consists in the fact that 
tlie field-magnet I'emains of unvarying jjolarity. Ordinary 
two-ptiase alteiiifttra-s are not self-starting as motore : but 
multi-phase alternators, when fed with currents in appropriate 
I)hases, are self-starting jirovided the initial load is not too 
great, since the successions of phase in tlie armature windings 
produce a rotating magnetic field which causes the motor to 
rotate at first slowly, then more i-apidly, up to complete 
synchronism, 

Tlie properties of ordinaiy alternatoi-s as synchronous 

' Societc Frani^aise lU Physiqnc, July 17, 181)L 
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motel's liave been stmlieil Ity Wilde,' Ilopkiiisou,^ AdainB,f 
and Mordej-.* 

Consider tlie caae typified in Fig. 453, in which two, 
similar macliinea aie used an generator and motor. Jn these 




Transmission by Tivo-phase Altersatohs. 



the field-magnet i"otatea within a laminated ring-wound arma- 
ture. The motor is sui)po8ed to have been staited and to 
have settled into almost complete opposition of plia»c to tlie 
generator ; the current being represented as in pbase witli 
the electromotive-force of the generator and opposed to that 
of the. motor. Two lines are needed, one for the out-going, 
the other for the return current. Should the motor lag in 
consequence of an increase of load, more current will flow, 
making the toi'que greater. 

Class II. — Laminated Field Motors. 

As pointed out on p. 590, the direction of I'otation of any 
ordinary series-wound motor is tlie same irresi>ective of tbet 
direction of tlie current supplied to it. Hence such a motor 

' Froc. Lit. Phil. Sor. Manehexter.Tlec. lf<68;iil9oPW;. M/i'j.,Jki. 180ft ■ 

* .Toantal Soc. Trieg. EijriiieerK, xlii. 4(1«, 188^. i 

• Ibid,, p. Ol-i, ISM. * Jiiti., xvlli. GM, ISgfi, 
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ought also to ran when fed with alternating currents.^ But 
in Uiitt case it is essential that the lield-magiietti be carefully 
laminated ; otherwise they will be ovei^beated with cun-enta 
induced in the solid iron. Sucli laminated motors have been 
successfully used on a small scale. Shunt-wouud laminated 
field-motors sliould similarly run with alternate current8 : but 
the great self-induction of the magnetrcircuit tends to intro- 
duce a phase-complication. Mr. LI. B. Atkinson has suggested' 
several combinations of such motors to secure uniformity of 
running. In all two-phase motors there is of necessity a 
discontinuity in the driving forces, seeing that twice in each 
alternation the current dies down to zero. The effect of this 
on the motor is the same as though there were simultaneously 
acting a constant torque and a rapidly oscillating torque 
tending to rack the coils backward and forward. Further, the 
rapid reversal of the m^netism of the iron in Uie field tends 
to waste power by hysteresis. To minimize this source of 
loss, Mordey " luts proposed to pass the exciting current 
tlirough a commutator on tlie shaft of the machine, so that as 
the motor acquires speed the frequency of the alternations in 
the motor itself is reduced, until synchronism is attained, the 
current then being an intermittent direct current, and the 
torque being a maximum. Another mode of avoiding this 
loss is to omit all iron from the machine. Such a motor is of 
relatively small power ; but it is used with great success in 
Klihu Thomson's electric motor. 

Another sub-class of motors under this heading is based 
upon the forces set up by the reaction of eddy-currents on 
the lield which generates them. The classical experiments 
of Eliliu Thomson * on the rejtulsions observed in closed 
circuits when placed in an alternating magnetic field, led him 
to suggest aform of motor in which the circuits of field-magnet 

1 See remarks of Alex. Siemens, Joum. 8oc. Teleg. Engineert, zlil. 6S7, 
1884. 

* SpeciaoOions of Patents, 19,862 of 1888, and 7805 of 1880. 
*IV£IectH(:Jan,zxlii.340:alsoSpecifl<»tioaofPaCent,No.lG,555ofI38T. 

* Blectricat World, Iz. 268, May 1887 : also The Electrician, xzr, p. 36 
et *eg.. May 10, 18S0, in a Mrlet of articles b; Prof. Fleming. Bee also' an 
abstract accoont Id tbe antbofa work on The Eteclromagnet, p. 338. 
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And armatnre are entii-ely disconnected fitim one another. 
This machine may be regai-ded as a species of tmnoformer in 
which the rotation is produced by a aeries of mechanical 
reactions between the currents in the primary coil (acting as 
field-magnet) and the secondary coil acting as armature. A 
closed coil in such a field always tends to move so that the 
magnetic flux through it is a minimum. If an ordinaiy ring 
or drum motor be taken (with laminated field), its field-mf^net 
disconnected from the armature and excited by the alternate- 
current, and the brushes then simply connected together 
(so as to close the armature-circuit on itself) and adranced 
through about 45°, the motor will i-un and be self-etarting. 

Class III. — Mutti-pJuKe Rotatory Field Motort. 

In 1885 was pi'opounded, by M. Marcel Deprez, the 
geometrical notion that a rotating mi^netic field might be 
produced by tiie combination at right angles of two alternat- 
ing currents (varying in sine-functions of the time) which 
differed by a quarter period from one another in phase. In 
1888 the idea of producing a rotatory field by the use of two 
currents differing in phase, independently led Professor G. 
Ferraris,^ of Turin, Mr, Nikola Tesla,* of New York, and 
M. Borel,® to the production of rotatory-field motors. Tesla 
in particular worked out a large variety of forms on this plan 
and gave them practical shape. The practical impoitance 
which I'otatory-fieid motors have since attained renders need- 
ful a careful exposition of tliis principle of action. 

Theory of Rotatory J't'eid.— Referring to Fig. 395, p. 620, 
in which a point is supposed to move at a uniform speed 
round a circle, let tlie angle POM through which the i-adius 
O P has turned from the eero point be called s, then P M = sin 
9, and Q P or O M = cos e, if the radius be taken as unity. 
The circular motion, if projected on a vertical line will give a 
simple-harmonic vertical motion, or if projected on a hori- 
zontal line will give a simple-harmonic horizontal motion. 

1 AotAzlonl elettrodynamiclie, Turin XcnJ., xxill. March 1888. 

* JPIee(rfcal WoriA, x. 281, June 1888; xv. 250, 1890 ; xvl. 101, 1890. 

* La Lumlire Electrique, xxlx. 61, 1888. 
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Every engineer knows how i-eadily a i-otatory motion can be 
converted into iwo lectiliiiear motiomi at right angles to each 
other by causing u cmnk-jiin to opei-ate two connecting-rods. 
And in this ease the two lectiliueai- motions will differ in 
phase hy a quarter j>erioil, for one will he at the middle of ita 
stroke when the other is at tlie end. Conversely, it is possible 
to produce a cii-euhir motion by compounding together at riglit- 
Bngles two rectilinear (simple-harmonic) motions tliat differ 
exactly one quarter peihul hi phase, so as to produce a cireular 
one. If the difference of pliase is not exactly a qnarter j)eriod, 
the resulting motion will be elliptical instead of circular. 
When two alternating curients differing exactly a quarter 
peiiod in phiise are earned around two magnetizing coils 
placed at right angles to one anotlier, thus tendingto produce 
two separate magnetic fields alteniating across one anotlier, 
their conjoint action will result in a rotating magnetic field. 
Ferraris found that in such a field not only will pivoted 
magnets rotate, but nuisses of iion, both solid and laminated, 
also disks and cylinder of copper, tlie dnvg on these being 
due to the eddy-cunents genei'ated iit tliem preciselj' as in 

the classical experiments of Arago, in 

no, 454. whicli copper disks were set into rota- 

" fion in the presence of a n>tating 

magnet. Fig, 454 illustnites iv simple 
A ^£orm of Ferraris's motor having a 

cojuier cylinder pivoted within two 
* 'sets of coils A A and H H which lie at 

right angles to one aiiotlier. If the 
J two iniiciicndcnt magnetizing forces 

„ „ „ _ fdUow siiie-f unctions, and aro exactly 

SlHPLE Rotatory Field ' ■' 

Motor. **: right angles and differ e.Kivctly a 

quarter ])eriod in phswe, the torque 
will he uniform. But if the jihasc-diffei-ence is not an exact 
quarter period, or the coils not exactly at riglit angles, the 
torque will liave two maxima and two minima in each period, 
corresponding to the elliptical motion in tlie mechanical 
analogue. 
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Illustrations of Rotatory Field Transmission. 

In Fig. 453, p. 701, the case of oi-dinary two-pliase alter- 
nators was illustrated. In tliiis ciue there va n niei-e nscillatory 
field, magnetism in each part of the ai-niatui'e simply alter- 
nating in polarity. Such an alternator lias deatl jioints, and 
cannot start itself. 

Four-phane Ourrentg. — Now suppose that beside the 
two coils A A' on each niacliine there are wound other two 
B B' between the former pair, and that these are connected 
through a new pair of lines h b and b' b'. Fig. 455. It i.s clear 
that a second set of alternating cnrrents will he set up in IJ B' 




OF FoL'K-PHAKK Transmission, 



which will l<e exactly a quarter-period in phase behind those 
in A A'. In fact tlie two curi-ents will he i-epresented by tlie 
two waves of Fig. 4.">r). Tlie elect roniotive-foi-ce in A will be 
greatest just when the pole of the magnet is ptwsing its middle, 
for at that instant the rate of change in the magnetization of 
its cove is a maximnni. And the maxima for tlie B coils will 
correspond to llie zeros for the A coils anil r/'re n-rxt}. 'J'he 
currents in the A einls of the motor, tending to dragforwai-d 
the pole of the field-magnet, will not liave died down t() zero 
4.5 
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before the corrente in the B coils will have already begun ; so 
that there is no dead point. It i»- easy to see that in the 
motor there will be a regular displacement around the ring 
of the resultant poles. At the moment when the current in 
A A' is at a maximum tliat iit B B' will be zero, and the 
magnetizing action of A A' will be to produce two double- 
poles in the ring at opposite ends of a diameter light under 




Two Alternate Cckrents differiso by a Qcartee Period. 

the middle of the B B' coils. As the current in A A' dies down 
that in B B' begins and increases, and tlierefnre shifts the pole 
forwanl. When the currents in A A' and B B' have become 
equal A and B will act togetlier as one coil, while A' and B 
will acttogetheraa another coil, the resulting jjoles lying now 
between B and A' on the right and between B' and A on 
tlie left. When the B current is at its maximum the poles 
will lie j-ight under the middle of the A coils. A pair of 
travelling jjoles are therefore produced in the motor ring by 
the currents coming fi-om tlie generator, and the magnet in 
the motor is continually trying to catch up these tmvelling 
poles. Tlie motor will l>e self-starting if its magnet is not 
too powerful, and will run up in 8i)eed until synchi-onism is 
attained. 

Since there is an actual production here of g, traTelling 
polarity in the ring of the motor, it follows that any mere 
mass of iron, a cylinder for example, placed in the I'otating 
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field will be set into rotation, though not necessarily syn- 
chronously. And a cylinder of copper would be draped 
round by the eddy-currenta induced in it. But if such eddy- 
currents were permitted to circulate at lajidom in the mass of 
copper there would be much waste of power in heating,since 
the only useful currents for driving ai-e those that flow at 
right^ngles to the magnetic lines and at right-angles to the 
direction of motion, or, if oblique, their resolved parts in this 
direction. Hence it is better to make the moving part 
us an iron core surrounded by appropriate closed coils of 
wire within which the induced currents are confined. Such 
closed-circuit windings have been used by Tesla and others. 
Tesla's motors have been in successful use in the States, the 
standard size being a 7 HP. motor weighing 340 lbs., and 
having a nett efficiency over 85 per cent. A special form 
due to Dobrowobky • consists of a cylinder of iron within 
the periphery of which are em- 
bedded — with or without insula- ^^- **"■ 
tion — a number of stout copper 
conductors lying parallel to the 
axis, their ends being united to- 
gether so that they form closed 
cireuits, A mci-e disk of copper 
at each end — forming with the 
conductoi-s a sort of squirrel-cage 
of copperfilled with iron — answera 
excellently. Or each conductor 
on the periphery maybe joined by 
a connector (as in Fig. 4.57) to 
eachof tlieother conductoiij which 
lies in the corresiwinding position 

of symmetry. Dobrowolsky preferred, in the motor used 
for the Frankfort transmission in 1891, to invert the arrange- 
ment, fixing the closed copper circuits and their core, and 
iLHJng as the rotating part that corresponding in Fig. 458 to 
the ring. It had three separate cireuits notclosed within the 
1 EifktTotechnUfhe Zeiiachrift, xi. :MI, iSlX); also EU-ctrical World, xv. 

442, im>. 
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macliiiie but commuiiieatiiig with exteniiil resistances through, 
contact rings. It was thus jiossihle to prevent the enormous 
rush of induced current wliicli otherwise might occur at 
starting, and which, tliough it would not harm the motor, 
might have an injurious reaction on other parts of the system. 
The external i-esistauce could be cut out when tJie motor had 
got up its si>eed. 

When such rotating combinations of copper and iron are 
used it becomes a question which jiart of the machine should 
be considered as armature, and whicli as field-magnet. If the 
ring is regai'ded as annature, then the eopjjer and iron com- 
bination must be looked upon as a field-magnet wliich is self- 
magnetized by tlie eddy-cuiTents in the cojjper, and wliich is 
continually trying to calch up the rotating poles outaide it so- 
as to reduce those eddy-currents to a minimum and keep its. 
magnetic polarity constant. If, liovvever, tlie ring I)e looked 
upon a^ the equivalent of a rotating magnet, then the com- 
bination of copper and inm must be considered as an 
armature in which currents are induced, and which is driven 
by the rciiciion of these eurrentjf. 

So far it has Iteen supposed that the two circuits of the A 
and IJ coils were kept seiiantte. requiring four wires. As a 
matter of fact, only titrec wires are necessary; for a single 
common return might be pi-ovided for the a and A wires 
instead of two sepamte wires, the current in the return Iteing 
thealgebniic sum of the cnnentsin (I'and //at every instant, 
and tlierefore Iiaving a maximum value 1'4 times as great. 

Thrvit-phaKe (^m//c«/k.— Anollier mode of using three wires 
is to generate three equal currents differing in phase bj' 180° 
or by r>0° from one anotlier. Tlie tlirei'-pl ia.se alternator of 
Bi-own, used iit l..iiuffen, wjis descnlied on p. ti88. Three- 
phase motors have Ikjcu suggested by Teshi and othei-s. An 
ilhistralion of the tliree-phiise system is itfforded liy Fig, 458, 
in which the ring.-i lire wound with llin-e coils all joined at 
their en«ls and united to the three lines. In this case the 
cuiTcnt in any one tine is equal lo the iilgclmiic sum of the 
currents in the otlicr two, ami. with the iirnuigt-nient sliown, 
the pliase of the currents in anyone of tlie lines is inteiiuediate 
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between the pliase of the currents in the two coils feeding it. 
For example, the current in a is intermediate in phase 
between tliose in coils P and Q in the genemtot. Further, 
in the motor the cuiTcnt in P is intermediate in phase 
between the cuireuts iu e aud a. As the magnet totatea ia 

Fia.46S. 



GENERATOR MOTOR 

iLLCSTkATios OF Three-phase TiussMissiofi. 

the genemtor a travelling pole will be produced in tlie ring of 
tliu motor (IS before. It will l>e noted tliat the coils hei-e con- 
stitute a closed circuit. There are indeed several ways of con- 
necting up three coils so sis to jM-oduce tlie rotatory effect, the 
following being possible : (1) esich of tlie tbi'ee coils niiglit 
be independently joined by two wires to tlie ends of the three 
corresponding coils, inquiring six lines ; (2) tinte ends of the 
tlu'ee coils might Ik; independently joined bj' three wiivs to 
the three corres[>onding ends of the coils in the motor, their 
thi-ee other ends being united to a eonnnon i-eturn line, so 
involving four wires; (3) the tlu'ee coits «, h, and c may 
be simply joined at a ccnnmon junction J (Fig. 460), from 
■which they branch star-wise each to its own line ; (^4") the 
three coils may be joined as j>, 9, and r in Fig. 460, in a closed 
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mesh joined witb the tliree lines at its comeis. In this case 
the phases of the currents in jp, q, and r are intermediate 
between those of the three curreDts in the lines ; (5) six coils 
may be used as in Fig. 461, which shows the way of getting 
a six-phase effect out of a three-phase current by combining 
the star and mesh arrangements ; (6) by merely winding a 
coil left-handedly instead of right-handedly the phase of its 




Stab CoKBnrATios. 



magnetizing force is reversed. For example, a reversed coil 
inserted in a(in Fig. 459) would give an effect differinglSO** 
in phase from a, and therefore intermediate between 5 and e. 
By constructing a star witli revei-aed coils in each branch, six 
pliases can thus be got from a three-phase current. 

The mode iti wliich the three currents overlap in phase is 
shown in Fig. 462, tlie phase difference being here 120". 
Three currents with phase-difference 60° will also serve for 
rotatory work, and can be converted into three of 120° by 
merely inverting the connexions of one of the coils at each 
end, Dobrowolsky, who applied the name Dreh-atrom, or 
rotatory otrrent, to the system of currents alternating in 
periodic sncceasion of phases and pi-oducing a rotatory field, 
has urged tlie superiority of tlie tliree-phase arrangement over 
four-phase, on tlie ground that if one constructs for such 
curves as Figs. 45.5 and 462, tlie resultant curve, the latter 
will show less variations in the case of the three-phase com- 
binations, the fluctuations of the ordinates being 40 percent, 
in the resultant of the four-phase and only 15 per cent, in 
that of the three-pliaae. This assumes the waves to be of 
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Bine form ; wliicli is not necessarily true. Moreover, adding 
sine and cosine ordinates is not the same thing as forming 
their true oblique resultant, which is their vector<um, by the 
ordinaiy rule for compounding forces. 

Fia.iaa. 
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THRXE-PHASE CITBKKNT CCHVIS. 

A further illustration of the three-phase current is afforded 
by Fig. 463, in which the rings are multipolar, being wound 



Tbbxe-pbasb Multifolab Tkadbmission, 
with twelve coils, producing four rotating poles. In this case 
there are both right-handed and left-handed coils, giving six 
phases of currents at 60° apart in period. The connexions 
constitute a staiHiombination, tbe three circuits having a 
common junction J at each end. 
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Sr<nvn'» Three-pha»e Motor. — No details have been pub- 
lialietl respecting the tiO lioi'se-power thi-ee-pliase uictor used 



ivXtOO^IC 



Afterufite-Curreiit Afotors. 



713 



in the Frankfort tmnsniisaioti, which was constructed by the 
Allgeiueiiie Elektrizituts (reselUchaft of Berlin, from the de- 
signs of Dobrowolsky.' In tlie absence of such information, 
some drawings are Iiere given of another aomewliat similar 
motor designed by Mr. C. E. L. Brown.^ 

This motor gives out about 20 borse-jxiwer at 1'200 revo- 
lutions per minute, when supplied with three-phase cun-ents 
at 50 volts alternating with a frequency of 40, 

Fio. 4M. 




Broitn's Three-phase Motor ; Scheme op Winmnos. 

The general build of this motor recalls that of the three- 
phase alternator used at Lanffen, all the copper conduetora 

'S:e Mietrlcal Rerleir, xxix. iiJO, !S!H. 

' KlfMlTotfchntachf Zeittchrift, xil. ft'.T, 1801. See also Tlie Ehctricimt, 
xxtU. 657, ie»l. 
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beiDg round bars wliich pass through perforations in the core 
disks. 

In the outer stationary part are 90 conductors of about 40 
sq. mm. section, each joined by end connectors of curved 
copper atrip, which connect over spans of a little less than 90' 
in a .wave- winding according to the scheme indicated in 
Fig. 466. This producer four travelling poles. The rotat- 

Fifl. 467. 




RoTATma Pabt of Bbowti's Motor. 

ing part, which is also constructed with perforated core- 
disks, has 54 copper rods, each of 100 sq. mm. area. These 
are simply connected together at their ends by copper rings. 
Tliere are 95 kilos, of copper in the rotating part, and 20 in 
the fixed windings. The weight of iron in the rotating part 
is TO kilos., in the fixed part 100 kilos. There are no sliding 
contacts of any kind, and the whole motor runs quite cool. 
The difference in speed between no load and full load is 
about 3 per cent. The torque at starting was over 40 meter- 
kilogrammes. Tlie total weight is about 420 kilos., and the 
commercial efficiency about 90 per cent. 

Other Multi-phase Motors. — In another type of three-phase 
motor by Siemens and Halske, the three currents pass first 
through coils on an outer ring, producing a rotating field, and 
then are led by three brushes bearing on a commutator into a 
rotating armature. Schuckert & Co., Haselwander, Bradley, 
and Wenstrom have also constructed multi-phase motors. 
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Class IV. — Rotatory Field Motors with Two^hase Currentg, 
It is possible by various means to produce a i-otatory field 
without resorting to three or four-phase currents. Many years 
ago De Fonvielle discovered that an iron disk pivoted witliin 
a coil supplied with an alternate cuirent v/aa maintained in 
rotation if once started in either direction. 

Ferraris produced rotation hi his motor by connecting one 
of the paira of coila in the circuit of an ordinary alternate 
current, whilst the other pair were connected as a shunt to the 
circuit, witli an inductive resistHnce included in order to retard 
the phase. Borel attaiuedasimilarresultbyusingiron cores 
in one pair of coils. Schallenbei^er, in the nieclianism of his 
met«r, introduces a neat principle. The alternate current is 
led into two lar^e coils which pass under and over the rotating' 
iron wheel. Within these coils, and also suiTounding the 
wheel, are two other coils, closed on tliemselves, made of brass 
stampings. In these coils secondary currents are induced, 
and these are different in phase bynot quite 180°. But these 
secondary coils do not lie parallel with the primaiy coils, being 
set purposely at an angle of about 40° to them. Here, then, are 
two alternate currents, in different phases, acting at an angle. 
In the Borel-Ferranti meter another device is adopted. Th© 
pivoted wheel of iron or copper is placed between two field- 
magnets of laminated iron, each provided with a single elon- 
gated curved pole-piece.' The limbs of this field-magnet 
carry coils for the alternate current ; whilst upon the pro- 
longations or horns are placed closed windings of copper in 
which the alternating magnetic fluxes set up eddy-currents. 
The effect of these eddy-currents is to oppase the change of 
the magnetism in the core ; with the result tliat they retard 
the propagation of the magnetic pole along tlie cores towards 
the tips of the horns, producing the phenomenon of an alter- 
nate succession of north and south poles travelling along the 
pole-pieces toward the tip, and there dying out. 

A mode of splitting an alternate current into two alternate 
currents differing in phase from one another has been prt>- 
^ Electrician, iiv. 82, 1800. 
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posed by MM. Hutin and Leblaoc,^ for use in a rotatory field 
motor. When the current from the line arrives at the motor 
it is led into a divided path, into one branch of which a con- 
denser of suitable ctvpacity has been inserted, whilst into the 
other branch a coil possessing self-induction is intercalated. 
The former tends to accelerate' the phase of the current in 
its branch, whilst the latter retards the phase in the other 
hrftnch, thus producing the desired phase-diSerence. 

^LaLamiire Electrique, xl,, 1891. 

* A condenBer acts m a negative and reciprocal self-lndactlon. Thns, 
irhiUt a self-induction L tends to prodDce a lag Buch that tan ^ = 2 ->■ n Ii 
-^ R, a condenser of capacit; E tends to produce a negMIvQ lag (i.«, a 
le«d)8nchthattan*=-lH-2irnKR. Saep.eSB. 
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CHAPTER XXV. 

TBANSFOBMEBS. 

DuBiNQ recent years methodB of distributing electric enei^ 
have come into vogue, in which, for the sake of economizing 
the cost of the metallic conductors, distributioa is effected at 
a high electromotive-force or electric pressure from the central 
generators, and is received at different points by apparatus 
known as tran^ormers, which transform the electric enei^y 
supplied to them, and give it out again at a lower electro- 
motive-force or electric pressure. 

To comprehend fully the bearing of the matter, it must 
be remembered that the energy supplied per second is the 
product of two factors, the current and the pressure at which 
that current is supplied ; or, in our notation, 

E i=: electric energy per second (in watts). 

The magnitudes of tlie two factors may vary, but the 
value of the power supplied depends only on the product of 
the two ; for example, the energy furnished per second by a 
current of 10 amperes supplied at a pressure of 2000 volts is 
exactly the same in amount as that furnished per second by 
a current of 400 amperes supplied at a pressure of 50 volts ; 
in each case the product is 20,000 watta. Now the loss of 
enei^ tliat occurs in tmnsmission through a well-insulated 
wire depends also on two factors, the current and the resist- 
ance of the wire, and in a given wire is proportional to the 
square of the current. In the above example the current of 
400 amperes, if transmitted through the same wire as the 10- 
ampere current, would, because it is forty times as great, 
waste sixteen hundred times as much enei^y in heatini^ the 
wire. Or, to put it the other way round, for the same loss of 
energy one may use, to carry the 10-ampere current at 2000 
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Tolts, a wii-e Imving only -jg'ojtli of the sectional area of the 
wire used for the 400-aiiipei-e current at 50 volta. The cost 
of copper conductora for the distributing lines is therefore 
very greatly economized by employing high pressures for 
distribution of small cuirents. 

For transforming from high pressures to low, several kinds 
of apparatus are known, namely : — 

1. Storage Batteries. — A lai^e number of these to be 
charged in series at a high potential : the series afterwards 
divided up or rearranged so as to discharge larger currents at 
lower pressure. This system is applicable to dij-ect-current 
working only, not to alternate currents, and lias the advan* 
tage of storing the consumer's supply. 

2. Induction Coils, also called for this purpose Secondary 
Q-eneratort, or Tran^ormers, or Converters. — Tliis system 
will only answer with alternating currents, which being trans- 
mitted through the distributing mains at high pi-ettsure, and 
traversing the primary wires of the induction-coilH, set up in 
the secondary wires currents which feed the separate circuits 
of lamps at the desired low pressure. 

3. Motor-Generators. — These are either two separate 
machines: a motor, adapted to receive small currents at 
high potential, and be driven by them, and a dynamo, driven 
by the motor, and capable of generating large currents at 
low potential ; or they consist of single machines having a 
double-wound armature, one set of windings of fine wire to 
receive the incoming currents at high potential, and another 
set, of thick wire, to furnish the outgoing currents at low 
potential. 

4. Commuting Transformers. — These are a variety of the 
last, but neither armature nor field-magnet revolves, the 
polarity of the magnetic circuit being caused to vary by 
special coramutatoi-s. 

5. Condensers. — It is theoretically passible to employ 
condensers for tmnsforming aU«rnate currents, but tlieir use 
is not yet pi-iicticiil. 

Storage batteries we cannot here discuss; motor generators 
will be very briefly touched upon. Induction-coil transformers 
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for alternate currents being a species of dynamo-electrio 
machine, will be dealt with only as sach : space does not 
admit of discussion of the various systems of distribution in 
which they are employed. 

Historical I^otes on Tkaxsfobuebs. 
The first induction-coil was used by Famday,' and consisted 
of a solid iron ring six inches in diameter and seven-eighths 
of an inch thick, having a primary wire eeventy-two feet in 
length, and a secondary sixty feet in length, colled around 
opposite parts (Fig. 471, No, 1). Small modifications were 
made by Masson,* who introduced a bundle of iron wires as 
core; Pohl,* Wright, Callan, Henley,* Dove,* who examined 
the properties of various kinds of iron cores and the damping 
effects of solid metal conductors and tubes ; Sinsteden,* Ma^- 
nua,^ who also uivestigated the effects of the form of the iron 
core ; StOhrer,' who constructed the vertical pattern of coil ; 
Ritchie,* who suggested the use of cloisons or partitions in 
winding the secondary, where high insulation was wanted; 
Ruhmkortf,'" who gave the spark-coil its classical proportions ; 
and Varley," who in 1856 described a form of induction-coil 
having a laminated and closed magnetic circuit, closely re- 
sembling some of the modern forms of transformers. Various 
suggestions for use of induction-coils in distributing current 
for electric lighting were made by Jablochkoff," who proposed 
to place in the circuit of an alternate-current machine, at dif 
lerent points of the circuit, tlie primary coils of a numl>er of 
transformers, tlie secondary coils of which were used to supply 
lamps of the " electric -candle " type, and by Sir C, Briglit," 
who proposed similarly to distribute currents to vacuum-tube 
lamps. JablochkolT, and later Edwards and Kormandy," sug- 
gested a i>eculiar construction of copper-strip conductors, set 

' Exinrimenlal Reitearekes, I. 7, ISil. 

« ^iin. Chin,. Phys. Uvi. 5, 18JT ; and iv. 139, 1&12. 

• Pong. Ann., xxxlv. 185, 600, I»K. 

• AnnaU qf Electricity, v. SiO, l.'iK); \i\. H22, ISil. 
' Pogg. Ann., xlii. 72, 1840 ; Ivi, 251, 1842. 

« Ibid., liixv. 405, 18.'il ; and xcv\. 300, lffi5 » I6itl.,xlvlli. Oi, 1839. 
' See Wiedmann's Lehre ron der EtektrirUdt, W. 330. 

• Phil. Maq., xlv. %Vi, 480, im?. 

w Comptrx Rendun, xnxvi. (140 ; »nd xTCXvii. 801. 

>' Speclflcatlon of Patent, 3(B0 of IS-'rfJ. " PiiiJ., IfllKl of 1ST7. 

» Wd., 4212 of 1878. ^* Pwl. 4:illofl878. 
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edge-on, in place of round wires in the coils. More practical 
forms of transformers were su^ested by Fuller,' and by De 
Meritens.* In 1881 Hopklnson* proposed to utilize the self- 
induction of a coil with iron core, t« " choke " the currents of 
an alternate-current system Instead of Introducing wasteful 
resistance. In the same year a very important patent was 
taken out by MM. Marcel Deprez and J. Carpentier* for a 
system for the economical transport of electric energy by 
means of tranformers. At the generating station the alter- 
natii^ currents of low potential were to be transformed by 
means of an inductiou-coil to currents of high potential, which 
could then be economically conveyed to a distance through 
long thin conducting- wires, and there, entering the flue wire 
primary coil of another traniiformerGOuld be transformed dowa 
to low potential suitable for the lamps or motors. In 1882, 
Gravier* suggested the motor-dynamo as a transformer for 
continuous currents, a suggestion which had been partially 
anticipated by Sir W, Thomson ' and by Gramme,^ This sug- 
gestion was generalized in 1383 by Cabanellas,* and systems 
of distribution on the same plan were independently proposed 
by Edison,' and by Lane-Fox." In 188'2, Gaulardand Gibba" 
revived the use of alternate-current distribution by induction- 
coils ; their flrat patent proposes a coil of Itulimkorff type. 
Their second patent " states that in their invention the alter- 
nate current in tlie primary circuit was to be maintained of 
constant sti'ength, while its electromotive-force was varied, 
according to the demand on the secondary circuits. This im- 
plies distribution in series ; in the same year they revived the 
conatmetion of induction-coils with sheet-copper conductors 
set edge-on to the core under the name of " secondary gen- 
erators." In 18S3, Kennedy used a modified Gramme ring as 
a transformer ; and in 1885, Deri and Zlpernowsky '* proposed 
the use of transformers for effecting the self-regulation of the 

1 Speciflcation of P»l«nt, .-Slft^ of 18TS. " Ibid., 5257 of 1878. 

» J6t<J., 3362 of 1881. ' Ibid., 4128 of 1881. » Ibid., 1211 of 18M. 

' Sep. Brit. Aittoe., 1881. ' Comptes Rendu*, Nov. 23, 1874 

" La Lvmih-e Eleclrique, IIL 44, and Iv. 206, 1883 ; and Specification ot 
Patent, 2880, 1885. 

■ Specifications ofPatent3,37o2aiid3948of 1882; aod U.S. Patents, Nos, 
20«,703, Oct. 31, 1882 ; 278,418, May 29, 1883 ; and 2S7,516, Oct. 30, 1888. 
M Specification of Patent, 3692 of 1883. 

" Ibid., ■mi of 1882 ; and La LumCere Etectriqae, xiv. 40,158, 1884. 
" Ibid., 2858 and 3173 of 18S*. " Ibid., 3379 and 0201 of 1885. 
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altemate-current dynamo, and revived the tue of indnction- 
coUs having laminated and closed magnetic circuits. In the 
same year Fen-anti ' brought out transformers constructed of 
iron strips. Kennedy ^ had proposed to make the distribution 
at a constant potential, a method which has been adopted by 
Zipemowsky, Ferranti, and subsequently by Gaulard and 
Gihhs, and by Westinghouse in the United States, and which 
is nearly self-regulating. Improvements in details of eon- 
Btmction have been made by Kapp' and Snell, Mordey, 
Westinghouse, and Statter. Swinburne lias advocated the 
use of open cii-cuit transformers as leas wasteful of energy at 
light loads. Recent improvements in motor- genera tors are 
due to Scott and Paris,* R P. and J. S. Sellon,' and J. Swin- 
buriie,* the latter of whom suggests machines adapted for 
transforming from a circait supplied at constant current to a 
secondary circuit fed at constant potential. 

Systems of Distkibdtion by Altbenatino 
Transformers. 
These are briefly two in number : — (1) At conttant potential, 
the distributing mains branching to the various local points 
where the transformers supply the lighbi at low pressure. 
In this case the primary wires of the focal transformers are 
coils of fine wire of many turns, and are all in pai-alle! across 
the mains ; the secondary coils being of thick wire and o£ 
few turns. (2) With constant current, the single main circuit 
going from the primary of one transformer to that of the 
next. In this case, as tlie primary wires are in series, they 
are thicker and of few turns. The first of these systems is 
suitable for incandescent lighting, the second for arc lighting. 

Genebai. pRiNCiPLEa OF Alteenating Transformers. 
An alternating transformer may be regarded as a species- 
of dynamo, in which neither armature nor field-magnet revolve, 
but in which the magnetism of the iron circuit is made to vary 
tlirough rapidly repeated cycles of alternation, by sepamtely 
exciting it with an alternating current. The primary coil of 
•iWd,, 13,251 of ipa.'s. 

* EUetrlcal Reciea, xil. 48a, June 0, 1S83. 

* Journal 8oc. Teleg. Engineen, Jtvli. 06, 1888. 
< Specification of Patent, 6260 of 1SS4. 

* Jbid., 3&25 of 18S5. ^Ibid., 6682 of 18S7. 
46 
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the transformer corresponds to the field-magnet coil of the 
dynamo ;. the secondary of the transformer to the armature 
coil of the dynamo. • 

Many of the rules for construction of dynamos apply with 
equal force to the construction of transformeni ; for example, 
the rules concerning insulation, lamination of iron cores, and 
the like. In all cases whei'e transformei's are used with very 
high potentials, the utmost care must be taken about the 
complete and efficient insulation of all the wire (and con- 
nexions) of the high-pressure coils : it should on no account 
he wound in alternate layers between tlie windings of the 
low-pressure circuit, nor stranded with it into a cable ; it 
should, while properly enclosing the iron circuit, not only he 
as perfectly insulated, but as completely isolated as may he 
from the low-pressure wire and from all other metal work 
iu the transformer. 

In the alternating transformer, hy wliatever name called, 
the function of the iron core is to carry the magnetic lines of 
force (that are created by the current in the primary coil) 
through the convolutions of the secondary coil. The rate at 
which the magnetic lines due to the primary current are cut 
by the secondary circuit is the measure of the electramotive- 
force given to tlie secondary circuit. In order to bo able to 
calculate the amount of cutting of magnetic lines that goes on 
with various sti'cngths of priniiiiy current and various rates of 
alternation, it is convenient to know the amount of cutting of 
magnetic lines that takes place when unit current is made to 
flow, or is stop[>ed in the primary coils. Let M be used as a 
symbol for this quantity. It will be proportional to the 
number of turns in tlie secondary coil, because each turn 
encircles the iron coi-e and cuts tlie magnetic lines ; it will 
also be proportional to the number of turns iu the primary 
coil, because, cfFrer'«pttW6i«, the magnetism evoked iu the 
iron core is proportional to the ampere-turns that excite it ; 
it will also be proportional at every stagetothe permeability 
of the ii-on core. We may, in fact, calculate M by the 
m^netic principles laid down in Chapter VI. Suppose the 
inm core to form a cloHcd circuit of length I, section A, per- 
meability 1^; and that S, and Sj are the respective numbers 
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of turns in primarj' and secondary. Then, if the primary 
current is unity (in absolute C.G.S. units, the magueto- 
motive-foree due to it will be 4 t S,, and tlie magnetic resist- 
ance will be i I A /I. Dividing the former by the latter, we 
shall have an ex2)Fe39ion for the number of lines in the core ; 
this multiplied by S^ gives the amount of cutting of lines by 
the secondiuy circuit ; or in symbols. 

M = 4tS, S, A^H. 

The name given to thia quantity is the coefficient of mutual 
induction. If the current in the primary have the value t\ 
(absolute C.G.S. units), then the amount of cutting by the 
secondary on turning this current on or off will be M i\. 
And if the rate of increase or decrease of the primaiy current 
at any instant is known, tliis multiplied by M will give the 
electromotive-force impressed at that instant on the secondary 
circuit. Now it is obviously advant^eous in a transformer 
that this quantity should be as great as possible, for it is 
desirable to attain the requisite electromotive-force in the 
secondary witli as little primary cunent as possible. The 
conditions are, liowever, a little conflicting : Sj must not be 
made Isa-ge, on account of internal resistance and cost of 
copper ; but it is clear that a compact magnetic circuit hav- 
ing / small, A large, and the iron of good quality will be of 
advantage. In the particular case (for series working), where 
the primary and secondiuy wires are to carry equal currents, 
it is clear that for a given total weight of copper, the maxi- 
mum product Sj Sg will be afforded when there are equal 
numbers of turns in the coils, and therefore equal weights of 
copper. In other cases, provided the wires are proportioned 
to the currents they have to carry, and that equal heat can be 
developed in each coil, equal weights of copper is still a good 
rule, though the numbein of turns in the two coils will be 
widely different. It haa been assumed that there is no mag- 
netic leakage ; tliat all the lines of force created in the oore 
pass through the secondary coils. This assumption is veiy 
nearly fulfilled in tliose transformers in which the magnetic 
circuit is effectively closed uixjn itself. 
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The next important point ia that the ningnetic lines of 
force created by the primary current in the core pass through 
the convolutions of the primary coil itself, and that therefore 
there ^vill be self-induced electromotive^orces in the primary 
coil, which will tend to oppose the impressed variations of 
current. Considerations precisely analogous to those above 
will show that there will be a coefficient of »e}f-inductifm, which 
we will call Lj which represents the amount of cutting, by 
the primary coils, of the mt^netic lines created in tlie coil 
when tlie primary coil carries unit current ; and we may 
calculate, on magnetic principles, as before, the value of this 
coefUcient to be 

That is to say, Li will !« large in proportion to the goodnesa 
of the mi^netic circuit ; and (as in the case in transformers 
for distribution at constant pressure) as S i is itself large, L j 
will be enormous. As will presently be seen, this has 
important results in the automatic action of transformers. 

Tlie electromotive-forces induced (by the variations of 
magnetization of tlie core) in the secondary' circuit will, of 
course, produce no currents if the secondaiy circuit is open ; 
but if tlie secondary circuit is closed there will be currenta, 
the strength of which will depend also upon the resistances 
and upon the counter electromotive-forces (if any) in this 
circuit. But these secondary currents, as they circulate 
around the convolutions of the secondary coil, exercise a 
magnetizing (or rather a demagnetizing) action, the effect of 
which on the core will depend not simply upon their strength, 
but also upon their phase. When the ti-ansformer is doing- 
full work, the secondary current is rising in tJie positive sense, 
almost exactly as the primary is rising in the negative direc- 
tion, their phases being almost exactly in opposition. That 
is to say, at full work the secondary currents will exercise a 
great demagnetizing action. The total magnetizing force' at 
work is equal to 4 t (S^ i^ + S, i,)-f- 10, where the proper 
signs + and — must be assigned to i^ and i, according to the 

1 See p. 176. 
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sense in vhich they circulate around ihe core. Further, 
there will be a coefficient of self-induction Lj in the second- 
ary circuit, such that 

La =4TSfA^/Z. 

Aa will be seen later, there is an interaction between the 
primary and secondary circuits, owing to mutual induction, 
tending to neutralize the effects of self-induction in both 
circuits. 

In a well-built transformer it is clear that 
M= fLj Lj. 

If, however, all the magnetic lines due to ooe circuit are not 
enclosed by the other, M will have a less value than is indi- 
cated by the above relation. 

The relation between the two electromotive-forces and the 

two sets of windings is readily stated in a way sufficiently 

accurate for ordinary purposes, by saying that the ratio of the 

two electromotive-forces is equal to that of the windings, or 

El S, _ 

e;=s;--p- 

The number^ which represents the ratio of the windings 
we shall call the coefficient of trangformation. 

If it is assumed that there are equal weights of copper 
used in the primary and secondary coils, then the following 
relations will hold good : — 
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It must be always remembered thattlie symbol E is used 
above for the virtual or square-root-of-mean-square value of 
the alteinatiiig electromotive-force : the actual value of E at 
any moment being represented by tlie expi'ession E = D sin 
2 ■■ n ( ; where D is the maximum value to which E rises, and 
is equal to 2 t n S N (see p. 626), n being the number of 
alternations jier second. Fuiiher, for alternate-currentH (see 
p. 629) Ohm's law must be written as 

. ^ D sin (2 X M « - *) 

We are now able to find a more exact expression for the 
induced electromotive-force in tlie secondary circuit, for the 
Dumber of magnetic lines induced by the primary circuit into 
the core (when there is no current in the secondary) is M t; 
and therefore 



,, 2TnDBin [2Tn( 
= M 



('i"":*!!). 



Vri'+A^nH.^^ 



or, writing 2 «■ n — u, we have (neglecting phase, and consid- 
ering magnitude only) 



Eg =AE(, 



Examining the expression k, it will be seen that if r, is small 
compared willi » L,, as will be the case where there are very 
rapid alternations and plenty of iron in the core, k will be 
equal to M/Lj, or will be the reciprocal of p, and equal to 
SJS,. 

liy leaving out of consideration differences of phase in the 
above argument, it must not be supposed that these differences 
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of phase are small. On the contrary, they may he very lai^e. 
If, however, assuming E^ to be a aine-f miction, we remember 
that the average value of the square of the sine (between 0' 
and 360'') is equal to J, then we shall have the virtual pri- 
mary volts Ej equal to D divided by \''l. It is in this sense 
(namely, taking the square-root of mean square fw the basis 
for comparison) that we may say tliat E, is to E ^ in the same 
ratio fta Sj to S,, or that the ratio of the primary and secon- 
dary volts is equal to the ratio of the primary and secondary 
windings. If the two windings are properly wound overthQ 
core so thatthere is no mi^netic leakage, then the variations 
of magnetism of the core will set up in the two windings 
electromotive-forees that are precisely proportional to the 
respective number of turns. In the primary winding tliis 
electromotive-force will oppose that which is supplied from 
without. If, following the notation used for motors, we 
call ^1 the volts supplied to the primary terminals, E^ will 
be greater than E, by an amount dependent on the internal 
resistance and current in the primary. Similarly, the volts 
at the secondary terminals e , wiU be less than E ^ by an amount 
dependent on tlie internal resistance of the secondary wind- 
ing and on tlie secondary current. In any case, the work 
given out (per second) by the secondary will be very nearly 
equal to the work imparted to the primary ; the difference 
being the loss due to the production of eddy-currents, and 
the watite work spent in carrying the residual magnetization 
of the iron through repeated cycles of alternation. If Jf, t'| 
he the watts imparted to the primary, and e^ i, those given 
out by the secondaiy, it is found that e^ i^ may be as much 
as 97 per cent, of ■E^ i^. A current of 10 ampei-es at 2000 
volts imparted to a good transfonner, having twenty times as 
many turns on its primary as it has on its secondary coil, will 
be transformed by the secondary into a current of 200 
amperes ^ at very nearly 100 yolta. 

' It muBt be remembered by beginners that the gain Ir quantity of cur- 
rent is balanced by the diminution in elect romotive-force; otherwise the 
worl( would not hti equal. It Is a curious fact In tlie bintory of Inventioa 
tliat in 18R3 Uie United States Patent Office refused to grant a [ransformer 
pat«nt to Ur. Bernstein on the ground that lie could not possibly get a 
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One of the most difficiilt points for beginners to compre- 
hend in the action of transformers is the way in which, when 
used in parallel distribution, they of themselves adjust the 
amount of primary current that flows through them from the 
, mains*. Suppose a transformer, having a primary coil of 
many turns of fine wire to receive a current of 1 ampere from 
mains at, say, 2000 volts, and havinga secondaty coil adapted 
to giveoutacuiTentof 20 amperes at 100 volts. Thb would 
supply 40 lamps, each taking a j-ampere of current. When 
all the lamps are on, the 20-ampere flows through the second- 
ary, and the 1-ampere flows through the primary. If now 
half the lamps are turned out, only 10 amperes will be sup- 
plied by the secondary, and now only half an ampere is wanted 
from the mains to flow tlirough the primary. As a matterof 
fact, under these circumstances, the current supplied through 
the primary automatically diminishes in the proper proportion. 
As lamp after lamp is turned out in the secondary circuit, so, 
little by little, the primary cuiTent also diminishes ; when all 
lamps are out, and the secondary circuit is completely opened 
the primary current is found to have of itself all hut stopped, 
although the mains are still supphed at full pressure. Noth- 
ing has been done to the piimary circuit: there is still a pet^ 
feet path through which the current might flow, no resistance 
has been inserted in the primary coil, yet the current does 
not flow to any extent through it. The clue to the matter lies 
in the inductive reaction of the iron core. As the waves of 
primary current circulat* around the core, they set up periodic 
magnetizations in the iron ; but the periodic fluctuations of 
the magnetism of the iron necessaiily set up electromotive- 
forces in die surrounding coils. It in a short time d t, the 
change that takes place in tlie number of magnetic lines in tlie 
core is d N, then during that short time the eleetromotiTe- 
force induced in the wire which is coiled S times round the core 

d N 
will be equal to -3— (this number should be divided by 10^ 

to bring to volts). The electromotive-force in the secondary 
Urger quantity or current out of the secondary than warn supplied to the 
primary. Nevertheless, the same Patent Office in 1880 Issued a patent t« 
Gaulard and GIbbs for this very thing! 
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coil vUI be S, — j-r> ^"'^ there will of course be also another 

electromotive-force induced in the primary equal to S ^ —r-^ 
Now it is this self-induced counter electromotive-force in the 
primary which dams hack the currente from the mains when 
the secondary circuit is open. The variation of the magnet- 
ism of the core always tends to set up electromotive-forces 
opposing change. It does this in two ways. If there is no 
secondary it sets up back electromotive-forces in the primary 
which dam back the current. If there is a secondary wire 
present it sets up currents in the secondary in a sense oppo- 
site to those of the primary. Consider what happens when 
there are no lamps on ; the secondary circuit is entirely idle, 
and takes no part in the action. The alternating electro- 
motive-force of the mains impresses alternating currents in 
the primary coil, which in turn impress an alternating mag- 
netization on the core, and this tinally induces alternating 
electromotive-forces into the primary circuit, tending to stop 
the primary currents. The greater the variation of magnet- 
ization of the core, the greater the induced electromotive- 
force. Now consider what happens when the lamps are on. 
There will be considerable currents ii} the secondary : these 
are always in almost exactly opposite phase to the primary 
currents. When the primary current is increasing, the 
secondary current is increasing negatively, that is to say, is 
increasing whilst circulating round the core in the oppceite 
sense to the primary. The magnetizing tendency is of 
course proportional to the difference between the ampere- 
turns of the primary and those of the secondary. [It is, as 
previously stated, equal to 4 » (S, t, + S, I'g) -f- 10, the 
proper signs being assigned to the currents according to 
their sense.] If, as is the usual case, the secondary volts 
are maintained nearly constant, it follows that the cycles of 
magnetization, and therefore the nett magnetizing forces, 
are nearly the same at all loads. It would therefore appear 
aa though the back electromotive-force tending to dam back 
the primary current ought to be the same at all loads. But 
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this we kiio^v i& nut tiTie. Tlie explanation lies in the pliase- 
relations: for, at liglit loads the counter electromotive-fore© 
in tlie primaiy is almost exactly in op^KKsite plia^e to the 
primary impressed (.decti-omotive-fon:e, whilst at full load it 
IS nearly in qnadmtme with the latter. To put it into other 
words, as lam[>s are turned on in the secondary and more 
aecondaiy current flows, tiie increased mutual induction vir- 
tually wipes out the self-induction in tlie primary cireuit, 
and the effective hack electromotive-forces in the primary coil, 
which in the first Citse dammed back the current from the 
mains, are less ; hence more current flows in the primary. 

Graphic constructions illustmting tlie variations of phase 
and magnitude of the electromotive-forces and currents Jiave 
been given hy Kapp, Blakesley, and Fleming. It the im- 
pressed E^ is constant, then the magnetization is of course 
carried to the greatest degree when the ti-ansfornier is working 
on open cireuit. If, however, the sj-stem is so i-egulated or 
over-compounded as to keep up a constant pressure at the 
lamps, then the mi^etization of the cores is a maximum at 
full load. It is ex}^>edient to arrange that there sliall be so 
much iron in the core that tlie induction in it need never be 
carried above 6000 or 7000 lines to the square centimetre. 
It is possible to work above these values, but the tmnsformer 
emit^ a singing noise, and the iron grows hot. Work Is, of 
course, spent in cariying the iron to a high degree of mi^ei> 
ization. Of this work, the greater part is returned to the 
secondary circuit during the next iiart of the cycle as the 
magnetization of the iron descends ; but part, namely, that 
spent in producing the so-called pennanent portion of the 
magnetization, is lost, being frittered down into heat. As to 
the phases of the various Avaves, as mentioned above, the 
secondary current is alwaj-s in almost exactly opposite phase 
to the primary current ; and the sei'ondar)- elect romotive-force 
is in almost exactly op|)08ite pliase to the primary clecti-omo- 
tive-force. But thedifference of phase between E, and t, vai- 
lies greatly with the work done. When there are no lamps on, 
and no seeondai-y current, i , is small, and its jihase differs by 
very nearly 90° from that of E, : as lamps are switched on 
and I, grows, t, grows also, and the angle of lag between Kj 



i.t^iooylc 



Transformere. 731 '■■ 

uid 1] grows less. The phase of the magnetization of the 
eore (which is always necessarily 90° in advance of the phase 
©f Ej) is always' very nearly 90° behind the phase of E,. 

The actual performance of transformers has been care- 
fully examined by Pitif. H. J. Ryan,^ who has plotted out 
curves to show the fonns and phases of the sevei-al varying 
quantities. The transformer used was a small one of 600 
watte capacity adapted for transforming down from 1000. to 



Tbahbporkee CmiTES on Open Cracurr. 
60 volte, the number of windings being 675 in the primary, 
and 85 in the secondary coil. The volume of laminated iron 
was about 2050 cuhiccm. The mean length of the m^;netic 
circuit was 80*8 cm. and mean cross section 63*3 sq. cm. ; 
the frequency used was 138. Figs. 468, 469, and 470 show 
the i-esults. It will be noted that although tlie primary 

1 See experiments b;r Major Cardew, iaElectrical Engineer, Jul;. 1887, 
p. 358. 

■ Amer. Iwt. Electricat Engineer*, 1889 and 1890. See tiao Eteetriaal 
World, Jiv. 419, Dec. 28, 1880, and xvt. 10, July 25, 1890; aUo The EUc- 
trician, xtIv. 26-3, and iicv. 313, 1800; also La Lumlh-e Etertrigve, ixjy.. 
233, 1890. See also an appendix paper by Messrs. Bnmpbrey and Powell 
tn EleeMcal World, ztL 11, 1800, and The ElectrieUm, zxr. 280, 1890. 
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(niiTeiit curve differs widely from a carve of Bines (especially - 

at light loada), nevertheless the curve of secondary volts ia 

PiQ. 466. 



TltANSFOlCHRll CuitVES AT ITaLF LOAR, 

Fig. 470. 



TBAimFORXBR CtTRVES AT FCLL LOAD. 

mnchmore nearly like a tiiue-curve; hihI it in always in almost 
exact opposition c)f phiuse to the cun-e of primitrj- volts. In 
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Ryiui's paper are miiiiy valuable remarks, not the leaxt im- 
portant being a passage in w}iich lie points out that leakage 
of mi^netism not only diminishes the mutual induction, but 
increases the self-induction of each circuit, and therefore tends 
to cause a lag in both the currents. In a second paper. Prof. 
Byao shows that tlie loss of enei^ by eddy-cuiTents in tlw 
core is less when the core is hot than when it is cold. 

COSBTRUCTION OF AlTEENATIX*! TltANSFORJIERS. 

All tiansfonnei-s consist of a core of iron, around which 
the primary and secondary coils are so wound that the core 
carries the magnetic lines froni the one set of coils through 
the other. Faraday's firat induction-coil, No. 1 in Fig. 471, 
is thoroughly typical of the principle common to all trans- 
ioTmets. In Faraday's actual ring the iron was not laminated. 
No. 2 of Fig. 471 is the cylindrical type of induction-coil 
intro<luced by Masaon and Ritchie, and jjeifeeted for spark 
purposes hy Kuhmk<n-ff. No. 3 depicts the foi-ni given to the 
transformer l>y Varley for telegraphic purposes. Tlie core of 
ii-on wires is made long, and the en<1s am t)ent over so as to 
constitute practicivlly a closed magnetic circuit. TheFemuiti 
tnuisfornier I'esembles this, hut has the core of narrow stripsof 
slieet iron. A similar fonn has been used recently by Gaulard 
and Gi hits. No. 4 is a form introduced by Zipernowsky; 
in this the jirimary and secondary coils are laid upon one 
^mother, and the iron coro is then wound thi-oiigli and over 
tliem by a shuttle, so that llie whole nf the copper is enclosed 
within the iron. In the drawing of Nos. 3 and 4 the front 
portion of the iron winding is represented as removed to show 
the interior. Mr. Kapp lias projKtsed the name of " shell- 
transformers " for this type of appanitus as distinguished from 
those with a mere straight or a uon-exiwnded internal core. 
No. 5, which is also a form due tn Ziiiernowsky, is constructed 
somewhat like a (Jramme ling. There is an iron wire ring 
core, upon which flie copper coils are wound in sections, hut 
with alternate sections connected together, one set as'pri- 
jniuy, the other tis secondary. In the drawing, one <)f the teu 
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Beotions is represented as removed to shov the core. Nos. 6, 
7, and 8 represent three closely allied methods of procuring 
the necessary structure of laminated iron, the parts in tliese 
instances being stamped from sheet iron. The copper coils 
are not shown in these three, hut in each they consist of two 

FI0.4T1. na«& 



Tabioos Tsfbs or Altebnatinq Tkambfobhebs. Corb-flates of TKASspoBim& 

sets of windings previously wound on rectangular formers of 
such a form as to admit of insertion into the iron stampings. 
In Mo. 6, which shows the method of Kapp and Snell, there 
are two sets of IT-shaped stampings, set side by side, forming 
two parallel channels to receive the coils. The stampings that 
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are removed between the limits of the U pieces serve to com- 
plete the magnetic circuits above. No.7 is the form adopted hy 
Westinghouse. The stamping in this form must be bent up 
in order to slip it on over the coils ; the core being put 
together over the coils. With Mordey's form, No. 8, the 
piece which is removed from the interior of the rectan- 
gular stamping 18 placed across it (after having been 
covered on one side with paper as insulation)^ the outer 
rectangular stampings being passed over the outside of the 
coils, and the cross-pieces slipped in between them, thus 




Hordet's TRAysFOKMSR (Section). 

avoiding waste of material, and securing a good m^netic 
circuit with ample ventilation. Fig. 473 shows the exactpro- 
portions of the stampings of Mordey's transformer, including 
a section of the coib. The newest form of this apparatus, 
which is constructed by the Brush (Anglo-American) Com- 
pany, is fupdier depicted in Figs. 474, 475. 

As an example, the following dimensionsare given toratrans- 
former capable of transforming a current of l-Sampereat 1000 
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volts down ti> a current of ^7-5 ain|ieiesat4<> volts. Total ex- 
temalaize,20>'«X 4 inches; N, —300; S, — 12; 7-,-'10ohms; 
r J — 0-014ohm8; gaugeof primary wire, 0-086incli; secondary 



Mobdey's TBAKsroRitER (Section), 




wire 'lb in pamllel, each 0-12 inch, 
gauge ; weiglit of eop|>er in coils, 
about 5 Ills, in jiriiniuy and b\ \h». 
in secondary ; weight of iron used, 
about 50 lbs. ; efficiency, 97 -'J per 



« Transtormeb 
i-ersL- section). 



In this patleiii tlic coils 1' and 
S are woniid upon a liglit fonni-r 
A, made nf lianl wcwid steeped in 
ozokerit. The coic-disks It ai-o 
partly made iif stampings ivsem- 
bling Fig, 473, interhveed, and partly of other stampings which 
fill up llie iiiteretices which would otherwise Iw left lielweeii 
the superposed pieces. By this means the leakage of the 
magnetic circuit is reduced to a negligible amount. The 
whole is securc<l in a caat-ii-on cover made water-tight Ity a 
2)acking of rublwr. The connexions, switch, and safety-fuses 
are mounted on a porcelain lilnck O, in the end of the 
chamber. 

' I^ 'g- "^"'J illnstnites the so-called " hedgeliog " transformer 
of Swinhurne,' having as coi-e a bundle of ii-on wires which, 
after i-eceiving tlie copjicr coils, are spi-eiid out at their ends so 
as to reduce the magnetic reluctiince, which is in any case 
great, the maguetic cii-cnit Ixjing an open one; 

' Jwirnia ImI. Eteclr. Emjlmtr^, xs. 183,18111. 
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Ferranti's transtomier (Fig. 477) for extra high pressure 
work )iut a core made of n huge number of tliiii 8trii)» of iron, 
which pass vertically up through the miilJle of the copper 
coils, and are bent round Itelow and above on each side and 
interlapped so as to complete the niagnetic circuit. Tlie coils 
are made of copper-^triii, very carefully innulated, and con*- 
pacted togetherin sections by insulating material. There are 



Swinburnk's 

Hkdobhoo 

Tranrivrmbr, 



Ferranti's Transformer. 
three coils tlius built up, the innei-most being a jmrtinii of the 
primary, oubside this the secondary, iirid outside tliis again the 
restof the primary. Siieets of elionite are inteqjosed in the 
spaces between these coils so as to prevent spirknig across 
from the high-pressure coils. There is also loom foi air von- 
Ulation in tlie vertical s{>aces where thc-^e sheilt of ebonite 
are wrapiMid i-ound l»etwcen the three pilt-. of (oils 

Witli most of the preceding modes ot constitiction the 
coils cannot l)e i-cadily removed fi-om the ti ujsfoimtr, owing 
to the OKKle ot putting together the uon jiaitn. A more 
47 
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iiccessible Btructure is that designed "by C. E. L. Brown, in 
^hich the coils are wound on a cylindrical tube of insulating 
material through which can be inserted a core made up of 
laminte of different widths, almost tilling tlie tube, and pro- 
jecting squarely at its ends. The magnetic circuit is com- 
ipleted by means of IT-sbaped iron stampings assembled ia 
two seta, one placed below, and the other above, which can ba 
removed en blocy so giving access to the coils. These trana- 
formers are iramenied in oil. 

Another construction, which also gives ready access to tha 
coils, is the design of Mr. Kapp depicted in Plato XXIX. Hera 
the coils, primary and secondary, are wound on ebonita 
bobbins, which slip over a long rectangular core made up of 
plates. To complete tlie magnetic cii-cuit other assemblages 
of core plates of equal length are carried parallel to the core, 
above and below, and the four spaces at the ends are filled 
by four blocks of small stampings assembled together. Tlia 
whole is secured in a substantial frame and protected by an 
external cover of cast iron bolted down. 

The advant^^ possessed by transformers which liava 
closed magnetic circuits over those which have not are of 
various kinds ; in paiticular they require a smaller exciting 
current for an equal magnetic cycle, so that there is less waste 
of energy in the copper, particularly on small loads. On tha 
other band, in the open-circuit transformers, owing to the self- 
demagnetizing action of non-eloaed iron cores, there is less 
waste of energy by liysteresis in the iron. This point liaa 
been strongly insisted on by Mr. Swinburne.' Some experi- 
ments made by Mr. Ferranti are suggeetive. A number of 
iron strii>s were placed side by side and a coil wound upoit 
them, tlie ends of the strips protruding far beyond the coil, 
Tliis was used as a self-induction or choking coil at 100 volts, 
alternathig at 66 periods per second: the number of watta 
expended by the current being a measui-e of the work required 
to cany tlie iran through the magnetic cycle needful to balance 

■; ■ Proc. British Assoriation, 1B8S (sec Thf Mertrician). See also an iiii< 
, porUuit seriea ot arUcles by >Ir. Sydney Evprshml, on Design of Trsiu* 
formera In The Mtclriclan, beginning vol, xxvi., p, 477. 
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tile impreased volts. When tlie stripe were simply Btraight, 
the current was found to be 22 amperes, giving apparent 
watts 2200 ; but as the angle o^ lag was about 86° 80', the 
true watts were only 135-6. Then the ends of the strips 
were spread out to imitate the hedgehog arrangement, with 
the result that to cany the iron core through the same m^netic 
cycle as before (or a slightly greater cycle) required only 10*75 
amperes, with expenditure of 1075 apparent or 116*9 real 
watts. Lastly, when the ends of the strips were bent right 
Tonnd and laid between one another, completing the magnetic 
circuit as in the Ferranti transformer, the current fell to 0*9 
«mpere, indicating tiiat a still higher degree of magnetization 
had been obtained with expenditure of only 90 apparent or 
-49-8 real watts. 

Another point strongly in favour of closed circuit trane- 
formeis is the entire absence of waste from eddy-currents in 
the copper conductors, however massive; for the magnetic 
lines seem to snap across them absolutely instantaneously, so 
"tiiat there is never any difference in the intensity of the m^ 
Tietio field in which the two sides of a conductor tiud them* 
selves. 

The relative advantages of open and closed circuit trans- 
formers have been lately discussed in the Institution of 
Electrical Engineer.' 

Tests of the efficiency of transformers have been given by 
Mordey,' Ayrton,* and others. 

For further isformatioa on the conatntctioQal details of transformera 
the reader ia referred to a series of uticlee by R. Kennedf, in tlie 
JlecfricaJ Itevieto, xx. 247 et seq., 1887, since republished in separate 
form under the title Electrical Distribution by AlterTuxttTtg CwrenU and 
7Van4r^orfner« ; to an article bj Recbniewski, ia La iMmiire Electriqae, 
xxtL 06, 1887 ; to the paper by Q. Kapp, in Jimmal Soe. Tdeg. 
Xngineert, xvii. 96, 1888, to which reference ia made above ; to the 
papers hj Hr. Swinburne and by BIr. Evershed already alluded to ; and 
toUievidnniesof Prof. Fiemiag on The Alternate CfurrentTrm^former, 
which appeared in serial form in 7^ Electrician in the years 188^01, 

> See Journal Intl. EltctHcal Engineerg, xx. 168to 251, 1801. 

* n>.,xvllLeW, 1890, 

• lb., tm. 
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Thkort of Ai.teknatk Trans formers. 

There are two ways of treiitiiig the theory of trtuisfortnera — ■ 
the first by introducing the notion of coefflcienta of inutuul and. 
self -bid action into the dilTerentiiil eqtii\tion» for the twocircuits 
the second by considering the miigiietoniotive-forces at work 
in the iron core as the result of the algebniic sum of the 
ampere-turns in the two circuits, and deducing the electromo- 
tive-forces which result fi'om the variations in tlie magnetic 
induction of the core — 

Fir»t Method. 

This method, intnxluced by Maxwell,' consists in finding the 
electromotive- force induced in the second circuit by the varia- 
tions of current impressed upon the first circuit. Accordingly 
■we write as the differential equation of the fii-st circuit — 

E. - AI !^' - L,*^ '' - K. n - ; (l> 

dt dt ^ ' 

where Ei is the impressed electromotive-force of the dynamo^ 
which is supposed to fulfil the condition E , ^~ D sin *2ir n / (see 
p. 626), and where L, and H, arc the eoefilcient of self-induction 
and resistance of the primary circuit. If the supposition is 
admitted thiit a constant (attei-natiiig) potential can be main- 
tained at the terminals of the primary coil (by proper com- 
pounding of the dynamo, see p. 747, or otherwise), then the 
lettere E,, L,, and R,, may be taken to apply to that part of 
the primary cii-cuit only wliich lies between the terminals of 
the primary coil. From this diifei-ential equation we have to 

deduce a value for M— '- Forbrevity we will write"for2•■w,■ 
rf t 

and - "■* ■■ '-"■ ' •" 

Hating equation (1) we get — 

at dt 

' PkUosophicid Trajmact'imu, elv. pt. i. p. ^flO, 1885. In this paper Max- 
well hIiows that tlie effect of tlic second circuit Is to aild to the apparent 
resistance ami diminish the apparent nelf-iniluction of tlie lirst circuit. The- 
student will find the equations inon> fully H'eatttl l>y ^klascart and Joubert, 
EUclrii-Ui- ft Mfjtietimir, 1. .'ini. atid ii. KU: also liy Ilopkinson, Joiinwr 
Boc. Teleti. Eafiinei-rf, xiii. .111. IK'M; K^rraris. M>-m. Arrai}. Sri. (Turin), 
xxKvll. ]8ft-.; anil liy Va-wliy, Annult'^ Trl^'L/iiihi'ii"-", IWtt-n. or nA.rfe 
ttpg ,VnrAincji Mn'jn/I'> vl Dj/aniai'-^lfrlrin'ir:; p. :ll. X summary o( Max- 
well's work in given in Flemli^'s book. 
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Now multiply this by R, to get equHtioii (3), and multiply 
equation (1) by Lj i-\ to get equation (4) ; and add (3) and (4) 
to get {5). 

R,^+M-«R,.- +L,«*It, V.-R »i^-0, (3) 

'^ dt ' ' ' ^ dt ^ ' 

L, -»E, -L, -*M ^-L »«» ilit- L, »"R, i, — 0, (4) 

(R.N-L,v)i|._R. |K,+l,^E,+M^(K, .-.-I-i^i). (6) 

Now niiiltiply every term by - — ^ ^ , and write the follow, 

ing abbreviations : — 

A-*L, = \ 
_^(5i.^+L,E,)=E, =AE, sin (-<-*), where * 

relates to tlie phase of the electromotive-foree ; and we may 
write equation (i>) as — 

m1^>=pi,-x1'.''^-E,. <6) 

Kow the differential equation for tlie second circuit is — 

there beuig in tliis circuit nu other electromotivo'forcea than 
those due to mutual and self-induction. Inserting in (7) the 
value obtained in (6), we get as the fliial equation — 

(R, +!•) V, +(k - x)'^- K, = 0. (8) 

This shows us tliat the wlioie effect is equivalent to that which 
would happen if, the primary cii'cuit being aljsent, tliere were 
introduced into tlie secondary circuit an electromotive-forea 
equal to h G j, and at tlie same time the resistance were increased 
by a quantity equal to i^ R,, and the self-induction were 
diminished by a qmmtity eijnal to l\ L,. Further, examina- 
tion of k slinws us that if tlie fi-equency of alternation and tlie 
permeability nf the ii-on core be great enough, A liecnmes equal 
to M ^ Lj, or equal to tlie reciprocal of />, the ratio of the pri- 
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mary and second windings. But if there are eqaal veighta of 
copper in the two coils, L, =p* Lj and Rj =j>' Bj. So that 
the effect, when the tnuiaforniei' is fully nt work, is to make 
X = Lj, and p = the resistance of the secondary coil ; or self- 
induction is wiped out, and the internal resistiince of the sec- 
ondary is virtually doubled. 

Second Method. 
In this method, due to Hopkinson,* we begin by considering 
the magnetomotire-force requisite to force N" magnetic lines 
through a core having length I and permeability m. This mag- 
netomotive-force is due to the algebraic sum of the ampere- 
turns in the two coils. Following the argument on p. 177, 
Chapter VI., we may therefore write ; — 

ill's, 

or if the core lias area of cross-section A, and t^ere are B lines 
to the square centimetre, we may write N = A B ; and then, 
the magnetomotive-force will be — 

^(s,.-. + S,(.).AB^ = 5!.H/. (2) 

We then write two equations for the electromotive-forces 
impressed in the two circuits as follows : — 

E, = R, .-, - S, ^ = R, i, -S, A'i?, (8) 

where Rj is the resistance of the lamp circnit, and r^ the inter- 
nal resistance of the secondary coil. Multiplying (3) by Sg and 
(4) by S,, we deduce — 

S, E, = Sj R, «■, - S, (i-j +R,)."a ; 
which with equation (2) gives — 

j-,{SJR,+S;(r,+R,);-=SJE, +S,(r,+R,)(10H;-=-4'), 
i^{ SJR, + S;(r, + R,)>=-S, S,E, +S,R,C10HI-^4^); 
and ' 

^rfB <r, +R,)S,Ei . lOHf R, (r^ + R,) ^^^ 

di S;R, + S;(r,+R,)+ 4- 'SJR, +SJ(r,+R,^^ ^ 

> Proe. Roy. Soc, FebrOMy 1861. 



by Google 



2'rana/ormera. 743 

The second term may be neglected simply because H f is small 

4* 
compared with ^ Sj i', ; in other words, because It is only the 

difference between Sj Vj and S, t, (both of which are very 

lai^), that is needed as a magnetomotive-force, and this is 

small if the permeability of the iron is great as it is when, as 

in actual practice, B is not carried above 8000 or 10,000 lines 

to the square centimetre. We have then — 

. rfB rfN (r, + R,) 8, E, 

"3T^rf< "™ "SJ E, + SJ (r, + H,) ■ 

rfN 

But Ef, the effective electromotive force in the secondary clr- 
ooit, is ec^ual to (r, + R,) t^; hence it follows that — 



-|}r, +r. + R, 



(8) 



Xow if the condition of supply in the mains is such as to £^ve 
constant-potential at the terminals of the primary circuit, we 
may take E, and R, as referring to that which is internal to 
the primary coil; and it is evident that the effect of the trans- 
former is to reduce the volts in proportion to the ratio of the 
windings, and to add to the resistance of the secondary circuit 
a term equal to the resistance of the primary circuit reduced 
in proportion to the squaie of the ratio of the windings. It 
also follows, from the negative sign in (6), that the two cur- 
rents are in exactly opposite phases. 

An important study of the theory of transformers has beea 
made by Prof. Perry,' who finds several important results. If 
It be assumed that there is no magnetic leakt^ and that there 
are no magnetic reactions in the outer secondary circuit, then, 
though the lag of primary current behind the impressed pri< 
mary voltage varies considerably at different loads, yet the lag 
of the secondary current behind the impressed primary voltage 
b always nearly 180° ; and, whatever the form of the impressed 
> Philoiophicat Moffoxtne, Aoput 16Q1. 

D,j-,., l|.;,*^TOOylC 
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primary curve of volts, the jeaultant curve of eecondary am- 
peres i» of tlie same form. But if there is even a small amount 
of leakage — as little as 1-33 [ler cent, of the magnetic flux — 
these conclusions must be modiSed, the secondary current 
being now not nearly exactly in opposite phase to the primary 
voltage, though almost exactly in opposite phase to the pri- 
mary current, the lag of which depends iyiter alia on the 
coefBcient of leakage. 

Professor Perry has lately further investigated the theory 
of a transformer wound with any number of separate circuits. 
Of this investigation, which is otherwise unpublished, the 
following are the chief points. 

Let Ej, Ej, Eg ... . &c., be the independent impressed 
volts in the various circuits. Assume that there is no mag- 
netic leakage. Let the ampere-turns be written 
A=.Si I, H-Sj I3 + . . . . S^i^ 

Let the permeance of the core be written 



I 



^30. 



where a is the cix)ss-«ection and / the length of the core. It 
is assumed tliat f is a constant for a given cycle. 
d 
'd-t 

cal value of this o|>erator will be in practice a quantity of the 
order of magnitude 600; for, assuming t)ie alternations n to 
be about 100 per second, and that tlie magnetization of the 
core follows approximately a sine-function of the time, it 
results that the induced electromotive-forces will be also 



— i^^ — -,- =2«-ncos2»n(=z2»n 



2-n*-^y 



Whence -tt = 2 x n, or is numerically 628. 

Then in any circuit the current sent through its resistance 
will depend only on tlie impressed volts in tliat circuit (i^ 
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any) and the volts due to the inductive action of the core. 
Tliere is no need to divide the latter arbitrarily into eeparate 
parts, a self-inductive part ciud partti due to mutual inductions 
with each of the other circuits. 
Hence we may at once write : — 

E8== 

E, = K,tV-|-S,<f ff A. 
There being as many equations aa circuits. Now multiply 

each equation severally by ^l-, jji , &c ; and add 

them together, giving : — 

2^E=*A+?,tfA, 

In Uiis quantity q the important term for actual work is 
the first, because in all the other terms the R part is relatively 
large, owing to the presence of external resistances, unless 
any of the circuits are shortrcircuited. Any closed internal 
circuit in which eddy-currents might occur may be treated as 
a term in this series, and might not he negligible in companson 
with the first term. Now writing the symbol - 1 as the 
exponent of an inverse operation, we have for the value, at 
any instant, of the total ampere-turns : — 

Inserting this in any of tlie equations, and taking as typical 
of the tot the pth circuit, we get for the current in the ^tb 
circuit, 
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We liave thus got an expression for the corrent in any 
circuit, whatever the electromotive-forces or resistances in 
any of the circuits. 

To apply this to the ordinary case of a transformer having 
but one primary circuit, we have merely to write E„ E,,&c^ 
^0. And for convenience we will consider R^ as the internal 
resistance only, so that we may replace Ej by V the volts at 
the primary terminals. We still retain the possibility of any 
number of secondary or induced circuits. We then have : 

A=^a+«")-'v (1) 

•'=»-^T^.^ <">■ 

Now since in practice « ^ 600, ; j « is large compared with 1. 
Hence the last results reduced to 



'^P' 



(la) 



S. S, V ,„ . 

■'=-iTr,j ^''^ 

If there is no load on any of the secondaries, R^, R^, &o^ 
are = m, and j:=SJ/Rj ; 



or at Aill load 
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For further diAnissions on alternating transformers see — 

ferraris: La Lumiere ElectHquf, ivi. 309, ISSi; sivii. 518, 18S8; and 
EleclTicat fleciew, »vi. 250, S4a geqq. 1885; nil. 221, a-.2, 1888. 

G. Kapp: Induatr'tea, April. 18S7; and Eleclrieian, 1887. Also Journal 
Boc. Teleg. Engineert, stH. 96, 1888, with dIscuaBlon thereon. 

G. Forbes: Joum. Soc. Teleg. Engineers, ivll. 163, 1888. 

RechnlewBkl; £a Lumifre Eleclrique, ixv. 013, 1887. 

Peukert and Zickler: Zeitaehriftf&r EUktrotechnik, 1888; andXa Lumlire 
Etectrique, xxi. 276, 1880. AIbo Electrical Hevleir, itx. 80, 1888. 

Const ART- CUHHKNT ALTEKKATraa Tranbforhers. 

Transformers arranged so that the two self-inductionB of tho 
two coils are high compared with the mutual induction bel ween, 
them have been designed by Elihu Thomson and hy Stanley for 
the purpose of yielding altematingcurrents of aconstant number 
of TirtUEil amperee. Swinburne^ has pointed out that a hedgehog' 
tranef ormer will answer in this way if the primary and secondary 
coils are wound on oppcwite ends instead of being wound close 
together. An ordinary trajisformer can be adapted to such service 
if a choking-coil is introduced into the secondary circuit. The 
use of constant-current apparatus is for feeding arc and glow 
lamps in series. 

Use of Transformers for Rkoulatino Alternators. 

By use of transformers it is possible to attain n means of self- 
r^ulation akin to the methods of compound winding adopted 
for continuous-current dynamos. Assuming that an initial and. 
constant excitation can be afforded by a separate exciter, it 
remains to supplement this by a variable excitation which, in tho 
cose of constant-potential distribution, must be proportional to 
the mn '" current, or in the case of constant-current distribution 
must be proportional to the resistance in the circuit. Various 
combinations have been su^ested by Zipemowsky, Kennedy, 
and Schallenberger. 

Fig. 478 shows Zipemowsky's arrangement, and represents 
diagranunatically a machine with internal revolving field-magnet 
of eight poles. The armature consists of eight stationary coils, 
seven of which are joined in series to feed the main circuit, the 
eighth^il S being separated from the reRt and used to provide 
excitation for the fleld-magnets, its currents being conveyed in 
through a suitable consmutator on the shaft of the machine. In 
the main circuit, just beyond the terminals of the machine, is 
inserted the primary coil of a small transformer T, the secondarj 
> Journal Inat. Electrical Engineers, xx. 192, 1891. 
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of which is connected with the exciting cirxnilt. In this way an 
additional excitation is procured, always proportional in amount 




ZIPERKOWBET'S KbTHOD of CoMPOUMDIKG ALTERNATS-CmiKERT 

Dynamo, 

to the currents that are flowing in the main circuit. It is pos- 
sible to avoid using the coil S by substituting the secondary of 
another transformer, the primary of which is placed as a shunt 
across the mains. 

MOTOR-DYNAMOS. 

These are of two sorts : (1) for transforming a continuous 
current at any voltage to a continuous current of different 
strength at a different voltage ; (2) for transforming a con- 
tinuous current into an alternating one, or vice versd. 

CONTINDOUS-CTTRRENT TRASSFOEMEES. 

Gramme, in 1874, constructed a machine with a ring-arma- 
ture wound with two circuits — one of coarse wire, the other 
with fine wire, having eight times as many turns. Two 
separate commutators were connected with the two windings. 
This machine could be Used for transforming either from high 
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to low potential 01 vise versd. The Bame end can be less 
conveniently attained by uniting on one shaft the armatures 
of two dynamos, one to be used as a motor driving the other 
as a generator ; and these may have separate field-magnets, 
or a common field-magnet. In England, continuous-current 
transformers have been intioduced with success by Messrs. 
Laurence, Paris, and Scott,* who employ a 2-pole machine 
with cast-iron frame and an armature wound with donHe 
circuits. There ia very little sparking with such macliines, as 
the reactions in the two sets of coils tend to correct each 
other. The field-magnet is excited as a shunt to tlie low- 
potential armature coil. Swinburne has discussed many 
possible combinations, including one for transforming from a 
constant current to a constantrpotentMl condition of distribu- 
tion. In the Chelsea central station a number of motor- 
dynamos are used. They have been described in detail by 
Major-General Webber,' and include several types, some 
being by Laurence and Scott, others of ElweU-Parker con- 
Btruction. 

The following are particulars of an Elwell-Parker continu- 
ous-current transformer, closely resembling the machine 
drawn in Plate YI., drum wound, but having a commutator 
at each end of the armature. 





Prtmaty. 




■ 1000 
40 

0427 
648 
162 


110 
360 

00052 
72 
36 




RestoU^ce of armature wading 

(ohina) 
Conductors around arnuiture . . 

SegmentB In commuWtor . . . . 


Speed 500 rerolullonB per minute. 

Field-magnets : shunt-wound with 30B0 tnms ; resistance 8 ■ H ohms. 
Armature core: diameter of disks laft In.; netC cross section of 
Iron 326 so. in. 

half load 75 p«r cent. 



1 See ElectHcian, six. ."517, October 1887; and Btectrieat Review, xxll. 
4, 1883. 

' Journal Iiut. Electrical Engtneara, xx. 63 to 69, 1891, giving drawings 
and data of three machines. 
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. A somewhat different system of continuoiia-eurrent trans* 
formation has l>een suggested by Ciibanelias,' and patented 
by Edison,^ in which neither armature nor field-magnet re- 
volves, but in which, by means of a revolving commutator, 
the magnetic polarity of a double-wound armature is contin- 
ually caused to rotate. In a further modification of this 
idea, due to Jehl and Rupp, a mass of iron, which completes 
the magnetic circuit, rotaten within the double-wound ring.'. 

It has been pn>po8ed to employ a motor-dynamo to compen- 
sate the drop in voltage on long mains by inserting into the 
main at a distant jmint a series-motor dhving an armature 
placed as a shunt across tlie mains. Lahnieyer* calls ttiis 
device a "far-leading" dynamo (Fernleitungs-dynamo). 

Another combination is useful for three-wire and flve-wiro 
systems of distribution, a number of armatures or winding* 
on tlie same shaft being connected across the various pairs of 
mains. If at any pair of mains tlie potential draps. this arma- 
ture will l>egin to feed tliis pair, being driven by the other 
armatures as motors. Such a device is called an "equalizing" 
dynamo (Ausgleichungs-dynamo). 

For further notices of tlie methods of continuous-current 
triutsformatlon, the reader is i-eferred to articles by Eliba 
Thomson, in Electrical World, x. 108, 18S7; by R. P. Sellon, 
in Electrician, xx. 633, 1888; and by IJechniewski, in Za 
Zumiire £lectrique, xxv. 416, 1887. 

Theory of Coxtixuous- Current Traxsforicers. 
Let E be the ])otential at terminals of the primary or motor 
part, and e that at terminals of the secondary or generator 
part. I-et the »,, r^, and C, stand respectively for tlie arma- 
ture current, armatui-e resistance, and number of armature 
conductors of the primary part; and i^, r.^, and C, for the 
corresponding quantities of the secondary part. Then the 
two induced electromotive-forces will l>e^ 

E,^«C, W, andEj^HC^N; and 
E,= jF~r,),, and E, ^e-j-r^ij. 

1 See La Nature, p. 43, 1S82. 

• Specification of Patent, .'MUO of 1882; and El'clrlcian, xii. 47», 1887. 

' See ElPctricinn, six. ."514, 1887; %x. 7, If^ST; and Specification o( Patent, 
2130 of 1887. 

• Centralhlatl/iir EUktrotechnik, xl. 402, 1889. 
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JTowwritepfor C, ^Cj (the reciprocal of the co^cient of 
b-ar^formation), and we have — 

But the electrie work done on and by the armature ia equal, 
assuming loss by eddy -currents and liysteresis to bfe negligible, 
or E, », = E, »j ; whence i, = p »,, so that the last equation 
becomes — 

' -S" / _,_ »-i \ . 
P V P*/ ' 
This shows that everything goes on in the secondary circuit 
as though the poteotiid were reduced from that of the primary 
mains in proporlJon to the respective numbers of windings on 
the armature ; and aa though there were added to the internal 
resistance of the 'secondary circuit a resistance equal to that 
of the primary winding multipUed by the square of the coeffl- 
dent of transformation. The ratio of transformation is inde- 
pendent of the speed and of the magnetism, though these two 
quantities depend inversely on one another. If the dynamo 
(or secondary) part is compound wound the speed may be very 
nearly constant at all loads ; but there is little advantage in 
this, as the speed always adjusts itself to what is wanted. If 
the distant generator supplying the system is properly over- 
oorapounded it will keep the voltage at the lamps constant, 
though tihe transformer ia interposed. The objections to the 
use as transformers of running machines are almost entirely 
met by the considerations that these machines run sparklessly 
(owing to the balancing of the self-inductions of the two wind-' 
Ings), and with very little friction at the bearings, because the 
drivhig and driven parts are both contained in the one rotating 
part. 

Continuous-alternating Transformers. 
To change an alternating current to a continuous one, or 
vice vend, there is required a combination' of an alternator 
and a continuous-current machine, to sei-ve one aa generator, 
the other as motor. This may consist of two sepamto ma- 
chines coupled together, as shown in Fig. 479, whicli rein-e- 
sents an alternator combined witli an iiiternal-j)ole continu- 
ous-current dynamo, both of Siemens' pattern, to transform 
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from 2000 volts alternating to 150 volts continuous, tat 
chaining accumulators, &c. 

But it is not necessary for this purpose to couple two sep- 
arate machines. Consider the armature of any ordiuaiy 
dynamo, say, a 2-poIe ring machine. If, in addition to the 
ordinary commutator, there are provided two, three or four 
Beparate contact-rings, united severally to two, three or four 
poin^ situated symmetrically around the ring,^ such a m^ 
Fig. 470. 



CONTINTOCS-ALTKHNATINa TRANSPORMER. 

chine may be used to give out or receive alternating currents 
of two, three, or four pliases ; one winding serving for botJi 
kinds of currents. Multipolar machines are preferable for 
this purpose as giving without undue speed of driving mora 
rapid alternations than 2-pole machines. Such multiplex 
machines were shown at Fi-ankfort in 1891 by Schuckert) 
Haaelwandei', and Dobrowolsky, 

1 Such a machine — an " E " Gramme with two contact rings added by 
Dr. B. M. Walmsley— hM been used for some yean In the Technical Col- 
lege, Flnsbury. 
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CHAPTER XXVI. 

ELECTRIC TRANSMISSION OF ENERGY. 

In all problems relating to the electric transmission of power, 
whether over short or long distances, it is vital to remember 
that there are two factors to \te conaidered, the current and 
the pre»»ure (or potential) at which it is transmitted. In the 
ordinary distrihution of electric energy from central stations 
in cities, whether with direct or alternating currents, it is 
usual to observe the condition of coTutant pressure, the current 
being varied in proportion to the demand. But for series 
lighting, it is possible to observe the other condition of main- 
taining a constant current^ the pressure being varied in pro- 
portion to the number of lamps in the ciicuit. It is well to 
bear this distinction in mind in the problem of transnfission 
to a distance, although in fact power may be electrically sup- 
plied without confoiming to either of these prescribed con- 
ditions of supply. We have seen, p. 560, how it came to be 
recognized that the secret of success In long distance trans- 
mission lay in ttie use of liigh voltages, as this {>ermitted tlie 
use of small cun-ents, and therefore of tliin conducting wires. 
We may with advantage recapitulate the problem of economy 
of transmission. 

It is required first to determine the relation between the 
potential at which the current is supplied to the motor, and 
the heat-waste in tlie circuit. 

Let z R stand for the sum of all the resistances in the 
circuit; then, by Joule's law, the heat-waste is (in watts) 

t* z R. And since i = ' , we may write : 

2 11 

beat-waste =: i- — ^-li_ . 
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Now suppose that without changing the resistances of the 
circuit we can increase E, and also increase E, while keeplug 
JI —El tlie same as before, eg tliat tlie current will be the 
same : it is clear that the lieat loss will be precisely the same 
aa before. But how about the work done ? Let the two new 
values be respectively £ and E, Then the electric energy 
expended is 

imd the useful work done is 

That is to say, with no greater loss in heating, more energy- 
is transmitted, and more work done. Also the efficiency is 
greater, for 

* i' 

and this ratio is more nearly equal to unity than = , because 

both £and E have received an increjnent arithmetically equal. 
As an example, suppose JF to be 100 volts and E 90 volts, and 
the sum of the resistances to be 1 ohm. Then i will be 10 
amperes. The power supplied will be 1000 watts; that util- 
ized will be 900 watts ; the heat-waste is 100 watts ; and the 
electrical efficiency 90 per cent. Now suppose tlie voltages 
increased so that £ is 1000 volts, and E 990 volts. The 
current will still be 10 amperes. The power supplied will be 
10,000 watts, o£ which 9900 will be utilized and 100 wasted in 
licivt. We have 10 times aa much power transmitted, with the 
same heat-waste as before, and tlie efficiency has risen to 99 
per cent. Cleaily, then, it is an economy to work at high 
voltage. Tlie importance of this matter cannot be oveiTated. 
But how shall we obtain this higher electromotive-force ? 
there are four ways open to us. [i] The simplest expedient 
is that of driving both generator and motor at higher 
speeds. The objections to this expedient are the purely me- 
chanical considerations of liability to heating of bearings and 
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centrifagfti flying, [it] A second way isto wind tlieariDatures 
of both inacliiiies witli mnny coils of wire having many turns. 
This expedient has, however, the effect of putting great resist- 
ftiice into the cireuit, Thia cIrcuniHtonce may, neverthelesa, 
be no great drawback, if there is already a great resistance in 
the circuit — as, for example, the resistance of many miles of 
wire tlirough which tlie power is to be transmitted. In this 
case, doubling the electromotive-force will not double the 
resistance. Even in the case where the line resistance is in- 
significant, an economy is effected by raising the electi-omotive- 
force. For, as may be deduced from the equations, when S 
- E is kept cofistant, the effect of doubling the electromotive- 
force is to increase the efficiency, even when the resistance of 
the line is very small as compared with that of the machines, 
and to double it when the resistance of the line is very great 
as compai-ed with that of the machines. It is, in fact, worth 
while to put up with the extra resistance, which we cannot 
avoid if we try to secure high electromotive-force by the use 
of coils of fine wire of many turns, [t'ii] A third way, not 
open to any of these objections, is to increase the magnetic 
field by employing a more powerful field-magnet, [iv] A 
fourth way is to put several machines in series with one 
another so as to add their separate electromotive-forces. 

The advantage derived in the case of the electric trans- 
mission of energy from the employment of very high electro- 
motive-forces in the two machiiies is also deducible from the 
diagram. 

Let Fig. 372, given on p. 568, be taken as representing 
the case where E is 100 volts and E 80 volts. Now suppose 
the resistances of the circuit to remain the same while £ is 
increased to 200 volts and E to 180 volts. (This can be 
accomplished by increasing the speed or the magnetism of 
T)otIi the generator and tlie motor to the requisite degrees.) 
^ — E is still 20 volts, and the cun-ent will be the same as 
before. Fig. 480 represents this state of things. The square 
K G II D which represents the heat-waste is the same size as 
before; but the energy spent per second is twice as great, and 
the useful work done is more than twice as great as pre- 
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viously. High voltage, therefore, meaiiB not only a greater 
quantity of power tranamitted, but a higher effieioncy of 
transmission also. The efficiency of the system in the case 
of Fig. 372 was 80 per cent. ; in the case of Fig. 480 it is 90 
(the dynaraos used being supposed " perfect ") t and whilst 
douhle energy is expended, the asef ul return has risen 2i 



i c 



In the attempt of M. Marcel Deprez to realize these 
conditions, in the transmission of power from Miesbach to 
Munich in 1882, through a double line of telegraph wire, over 
a distance of 34 miles, high electroraotive-forces were 
actually employed. The machines were two ordinary 
Gramme dynamos, the magnets being series-wound, similar 
to one another, but their usual low-resistance coils had been 
replaced by coils of very many turns of fine wire. The 
resistance of eaeli macliine was 470 ohms, wliiist that of the 
line was 950 ohms.* I'he velocity of the generator was 2100 
revolutions per minute ; that of the motor, 1400. The 
difference of potential at the terminals of the generator was 
2400 volts ; at tliat of the motor, 1600 volts. According to 
Professor von Beete, the President of the Munich Exhibition, 

• These figures, and those which follow, are glv 
President of the Munich Exhibition, Professor v< 
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where the trial was made, the actual mechanical efficiency 
was found to l>e 32 per cent. In Deprez's later experiments, 
in 1886, between Creil and Paris,^ the potentials were 6004 
and 5456 volts respectively ; and according to M. Levy the 
mechanical e£Bciency as measured by dynamometers was 44-81 
per cent., the distance being about 36 miles. M. Deprez has 

given the rule that the efficiency -^ is obtained, in tlie ease 

where two identical machines are employed, fay comparing 
the two velocities at the two stations. Or 



Where », ia the speed of the generator, n, thatof the motor. 
There ia, however, the objection to this formula, tliat the 
electromotive-foree are not projwrtional to the speeds, unless 
the magnetic fields o£ the two machines are also equally 
intense, and the current running through each machine the 
same. Thia ia not the case if there is any leakage along the 
line. Further, even though the current running through the 
armatures and field-magneta in the generator which creates 
the current, and in the motor which utilizes the current, be 
absolutely identical the intensities of the magnetic fielda of 
the two machinea are not equal, even though the machines be 
absolutely identical in build: the reaction between the arma- 
ture and field-mi^net in the dynamo that is used as a motor 
is different from that hi the dynamo which ia being used as 
the generator. 

In an experiment, M. Fontaine,^ by using several Gramme 
machines coupled in series at each end of a line, the resistance 
of which was 100 ohms, succeeded in tmnamitting 60 Imrse- 
power with a mechanical efficiency of 52 per cent. Tina 
experiment realized tlie suggestion made in 1879 by Eliliu 
Tliomson for the economic use of several machines in series. 
Seven machines were used, of similar constmction, resembling 
Fig. 825, and each weighing 1200 kilos., and of about 16 kilo- 

^Eleetrleian, xvll. 318, 1886. *L'Etectrlc!en, x. 707, 1S86. 



by Google 



758 Dynamo-Electric Machinery, 

watts capacity. Four were united i:i seiies at tlie generatiD^ 
eud, and driven at 1298 revolutions jier minate by a steam 
engine indicating 113 HP. Bi-uke tesU at iiie generating- 
end sliowed the actual HP. to be 95-88. The other three 
machines were used as motors, their power being measui-ed 
by a brake. They gave out 49-98 HP. at 1120 revolutiona 
per minute. The current was 9-34 amperes. The result is 
that there was a nett efficiency of 52 per cent. The resist- 
ance of the machines wotj about 11^ ohms each. The voltage 
at the generating end of the line was 6996 volts : that at the 
receiving end was 5062 volta. 

Efficiency of TKASsMisaiON. 

It can readily be shown that with two series dynamos, the 
electrical efficiency of transmission, when there is no leakage, 
is the ratio of the electromotive-forces developed in the arma- 
tures of the two machines. To do this we will consider sep- 
arately the efRcieiicies of the Uiree pai-ts of the s>'stem. 
Writing Ej for the electromotive-force developed in the 
generator, Ej for tliat of the motor, r^ and r^ for their re- 
spective internal resistances, we shall then have 



Efficiency of generator . 


■ n--^ 


^^ 




Efficiency of line . . . 


E, 


^^ 




Efficiency of motor . , . 




E,i 




•'-=e; 


,.■+>•,?■ 




Hence the resulting efficiency of the whole system wi 
_ ^, ^ E„ 


ilUe 



If the machines are shunt-wound or compound-wound, or 
if there is leakage' on the line, the currents through the 
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ftrmatnres will no longer be alike in the two machine. 
Writing the respective armature currents as i\ and I'j we shall 
have in this case, as tiie electrical efficiency of ttansmission. 

As an ezamplewemayrefer to experiments' made in 1887 with 
Brown's direct-current dynamos (Plate IX.), between Krie^ 
stettenand Solothum, through a conductor of 9-23 ohms resist- 
ance. In one experiment, the observed values were— Ei 1231'6, 
E: 988-6, ii 14-204, i, 14177, The actual horse-power measured 
at the two ends showed a nett mechanical efficiency of 74-7 per 
cent. In this case the netp efficiency of the generators was 88-8 
percent., that of the motors was 88-1 per cent., whilst theeffl* 
ciency of the line was 96-4 per cent. 

Another example* of transmission with direct currents u 
afforded by the plant at Steyermuhle (Tyrol), where two of 
Brown's 2-poIe dynamos with Gramme rings are used to send 
about 8 HP. to a distance of tiOO metres through a double line 
of copper wire. The following are particulars of the machines. 
Oenerator, 67 amp, at 1000 volts at tenuinals, at 676 revs, per 
tnin. Turns of wire on armature 604, in 126 sections of 4 turns 
each. Biam. of core rings, 70 cm. Diam. of magnet cores 40 
cm. These are series-wound with 371 turns each. Motor only 
differs in having 466 turns on armature in 114sectionsof 4 turns 
each, and with diam. of magnet-cores 861 cm. Brake measure- 
ments showed that the generator absorbed 98 HP., whilst the 
motor gave out 79 HP. ; a commercial efficiency of 86 per cent. 

A simple problem in the electric transmission of power is the 
following : — Suppose that on© were desirous of working a motor, 
so as to do work at the rateof a specified numberof horse-power, 
and that the wire available to bring the current cannot safely 
stand more than a certain current, without being in danger of 
becoming heated unduly. It might be desirable to know what 
electromotive-force such a motor ought to be capable of giving 
back, and what electromotive- force must be appUedat the trans- 
mitting end of the wire. Let P stand for the number of horse- 
power to he transmitted, and i for the maxinium strength of cur- 
rent that the wire will stand texpreesedia amperes). Then by 

1 Sm H. 7. Weber, In Schvieix. Baazeitimg, xl. Nog. 1 and2, 1868; and 
Journ. Soc Telegr. Et\atneerg, xviL SSI, 1888. 
• Mektroteehaivshe ZHUehrift, xl. II, 1890. 
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tiie known rule for the work of a current, since 



gives the condition as to what electromotive-force (in volte) the 
machine tnust be capable of giving, when run at the apeed it is 
eventually to run at as a motor. Moreover, the primaiy dectro- 
motive-force, £1, must bo such that 

■g— E . 

SR ~ ' 

whereZ Riathesiunof aJlthereBistanceeinthecircuit. Whence 

^■, E + <z R. 

Wbich gives the required primary electromotive-force. 

Gkaphic Mtthodb afplibd to Motor Problems. 

Of the following problems, the first two relate to series motors, 
and are due to Dr. E. Hopkinson and to Mr. Alexander Siemens.' 

Qiven a ayatem of distributing main* ttipplying electricity at a eon- 
ttanl potential, E, it ia required to congtruet a motor toliieh vihen vxtrk- 
ing loith a given load ahall make n revolutiotu per minute. 

Taking, in Fig. 481, as usual, the currents as abBciesee, and the 
electromotive- forces as ordinatea, draw O K to represent the 
potential Bl of the main in volts. Now, makers of dynamos 
know from experience what percentage of the electrical energy 
supplied to a machine of the typo they make is absorbed in main- 
taining the magnetic field. Take a point N ia O M such that N 
M -^ O M represents this percentage. Also it is known what per- 
centage of the energy thus taken up by the armature, and con- 
verted into mechanical work, is wasted infrictionattlie bearings 
and brushes. Take the point R such that N R -^ O N represents 
the percentage so wasted. From O SO cut ofC O H such that the 
area O H R' R represents the actual mechanical output of the 

iJaiaiial<iftheSoclet3/<ifjlrta,Aprii 188S. 
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motor in watts. For example, if the motor is to realize 1 horse- 
power, then the ares O H E' B must equal 746 watts. Then O 
H represents the current (in amperee), and HP is the counter 
electromotive-force which the motor must exercise. The motor, 
then, must be such that, running at n t«Tolutions per minute, 



Fio. 481. 


X 


^ ■ 


^ 











its characteristic will pass through P. The economic coefficient 
will ob-riously be equal to H P -H H M, and the nett efBciency to 
H E' -^ H M'. The energy Bpent in magnetization is measured 
by the area N F H/ 1^ tangent of the angle P N M' represents 
tiie resistance of the armature, and of the magnets in the case of 
a series motor. 

It is possible to work out similar problems for a shmit-wound 
motor, and also for the case of a distribution with a constant 
current. 

Qivetv a motor rittding a eeriain cwcrvnt and a certain ^eetromotive- 
fonx to enable it to doitt vork, it is required to eotistruct a suitaMe 
generator, the dietanee beticeen the maehinei being r^preaented by an 
eUetrioal retistanee o/R ohma. 

Let O P P* (Fig. 482) be the characteristic of the motor run- 
ning at its required speed ; P II being the volts, and O H the 
current needed for itt Draw P N horizonally ; and draw K M' 
from N at an angle such that its tangent represents the sum of 
the resistances of the motor and line. Then W H represents the 
difference of potential between the terminals of the generator. 
Then produce H M' to Q so that H M' -^ H Q shall represent the 
economio coefficient of the machine of the type that is to be used 
as generator. Then the proper generator will be that which 
when running at the proper speed will have a characteristic run- 
ning through O and Q ; and the tangent of the angle M:* If Q 
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represeats the resistance of tha armature aad field-magneti ot 
tbe generator. 

Another graphic methodof comparing the power andtfficiency 
of a motor baa been proposed by Mr. Gisbert Eapp. Tbo speeds 
being taken as absciasEe, the electric horse-power absorbed is 
plotted out vertically, the number of watts divided by 746 being 



y 


Flfi.4to. 

i 


^ ^ 


•» 


"_— - — "7^ 


Q 


^^-/-^ 






r. 












MVOLUnaHS 



taken for the ordinatee. Fig, 483 shows tha result in the curve 
A A, the shape of which will vary with the type, a series-wound 
motor in this case. A second curve B B is then plotted, the 
ordinates in this dase being the mechanical horse-power observed 
at different speeds. In both cases the variation of speed ia 
obtained by loading a brake dynamometer with various loads. 
With a great load the sixsod is small, the applied electromotive- 
force very great. With no load, a certain maximum speed O M 
is obtained at which (owing to the counter electromotive-force 
developed) veiy little current passes. Between these two 
extremes there will be a point b, corresponding to a certain 
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Bpeed O 6, for which the activity iB a coaximum. Next divide 
the values of the mechanical work" B, by those of the electrical 
energy spent Eat thecorresponding speed. These quotienta ■will 
of course be the commercial efficiency at different speeds. These 
values are plotted out to an arbitraTy scale in the curve//, 
which shows that the maximum efficiency is attained at the speed 
corresponding to the point c. 

Graphic Bkpreskntation of TRASsMiasioN. 

A convenient mode of representing graphically the relative 
amounts of energy expended at the transmitting end and utilized 
at the receiving end is the following, which is due to von Hefner 
Alteneck ; — 

Let (Fig. 484} the perpendicular lines A E, and B E, represent 
respectively the electromotlve-forcea at the traosmitting and 




receiving machines ; and let the horizontal lengths A Lj, L, L„ 
and La B represent respectively the resistances o£ the machine 
at A, the line (including return wire) , and of the machine at B. 
Join El E, : the tangent of slope of this line will rcpi-eeent the 
current flowing. From A and from B drop perpendiculars upon 
this sloping line, and produce them to the points W, and W,, 
level with El, and E,. The lengths of the lines El, W^ and E, 
Wj will represent relatively the enei^y transmitted and received. 
For, by the construction each is proportional to the respective 
electromotive-force and to the slope of E, Ej. The energy lost 
in heat may, on the same scale, be represented by the length of 
the line E, H. 

For a further geometrical dlacussion of the problem of electric tranamis- 
■fon of power, »ee a paper b^ Beignier, in La Lumi'ere E^eetTiq^e, xzlil. 
362, 1887. 
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ECOMOJTY OS" TRAKSinseiOfl. 

As already shown, the economy of transraiasion depends on 
the voltage at which the power is transmitted, and on the resist- 
ance of the line. The question then arises at what amount 
ought the latter to be fixed to make the economy a maximum. 
If one saves heat-waste by putting up a thick copper wire for 
the line, the interest on tha prime cost of the line may more than 
balance tho saving in power. An answer was given in J881, by 
Sir William Thomson, to one form of the problem, in which it is 
assumed (1) that tho voltage is fixed, (2) that the power to be 
transmitted is a fixed amount. If these are the conditions, then 
the total nnnnnl cost of ths power wasted in the resistance of 
the line and of the interest on the copper (including insulation 
and erection) will be a minimum when these two annual iteam 
of cost are equal to one another. Huch confusion has arisen 
from the ignorant application of Thomson's law to other cases 
than those for which it is true. In 1886, Professors Ayrton and 
Perry' considered some other cases, and have arrived at several 
important <X)nclu8ions. If a given amount of power has to be 
furnished by a motor at one end of a line, using a given voltage 
attho generator at tha other end, maximum economy is obtained, 
oiot by keeping the curreot-deosity constant, but by making it 
less, S9 the len^^h of line to be used is greater. The smaller 
the voltage that may be employed at tlie generator, the smaller 
must the current-density in the line be to obtain the maximum 
efficiency. More recently, Mr, Kapp,'' in his Cantor Lectures, 
has given a more general solution, taking into account the volt- 
age and the cost of the machines as well as that of the line. It 
is assumed that the annual value of power at the generating 
station is known, as well as the cost of plant per borse-power. 
Of the data required to be known, such as primary horse-power, 
total efficiency, voltage at motor, annual cost of power delivered, 
and working current, the last mentioned is the most important 
to be calculated, for from it the other matters can then be found. 
The following is then Eapp's argument : — 

Most Econoiqcal Corrent fob Ei^crsic Poweb TKAKSHiastOiT. 

D Dtetance in miles. 

a Section of conductor in square inchee. 

E Terminal volts at generator. 

> Journal Soc. Tehgr. En;/i:u-crg, XV. 120, 1886. 
' Joitrnal Soc. Arte, xxxlx., July 10, 18B1. 
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« Terminal volts at motor. 

H Pr Actnat hone-poirer required to drive 'generator. 

H Pa Actual horse-pon'er obtained from motor, 

I Current In amperes. 

Efficiency of generator 00 per cent. ; efficiency of motor 
90 per cent, 

g Cost in £ per electrical horss'power output of generator. 

m Cost in £ per actual hone-power output of motor in- 
cluding regulating gear, 

G = -fiir H Pf . . Cost in £ of generator. 

M = m H Ph . . Cost in £ of motor and relating gear. 

( =18'2Da .. Weightln tons of copper inline. 

K Cost in £ per ton of copper, Including labor fn erection. 

J Cost in £ of supports of line per mile run, 

p ,, ,. ., .. Cost In £ of one annual actual home-power absorbed by 



q Ferceutage for Interest and depreciation on the whols 

CplUl «».,-, ^ + »HP. + D. + jii|2;^_A. 
Annual cost per brake horse-power delivered ^ q Wp" "H P hv ' ' 

7 = -^ E Pin , the current which would be required If the line 
bad no resistance, 

and ^ = T* ia ' (iXD* + EB * "*" **"* """' economical current at 
the glren voltage E is 



I V i-6?KD'+BE i 



For very long distances the term under the square root approaches nnlty 
and the most economical current the value 2y; from which It follows that 
under no circumstances will it I>e economical to lose more than half the 
total power in the line. 

A useful Ret of tables, showing the cost of laying one addi- 
tional ton of copper, meaning thereby that part of the capital 
outlay which is proportional to current, was given by Prof. Q, 
Forbea in his Cantor Lectures' o£ 1886 on the Diatribution of 
Electricity, 

1 Journal 8oc ArU, 1886, 
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The secret of economy in all long-distance transmission lies, Ita 
we have seen, in the use of high voltage. But it is found ia, 
practice that continuous-current machines cannot advantage- 
ously be used at such high voltages as 3000 and 4000 volts, inas- 
much as the commutators will not stEind the strain on tlieir insu- 
lation. E^^en putting several machines in series, though it 
lessens the voltage on each dynamo, does not prevent the risk of 
break-down of insulation. Hence the superiority of alternate- 
current apparatus, which requires no commutator. Moreover, 
where voltages exceeding 10,000 volts are desired, it is found 
preferable to use low-voltage alternators and motors, and to 
insert step-up transformers at the generating end, and step-down 
transformers at the receiving end (as proposed in 1681 byDepres 
and Carpentier), since it is much easier to insulate thoroughly 
the stationary windings of a transformer than the parts of any 
running machinery. The question whether of alternating sys- 
tems the ordinary two-phase, or one of the more novel three- or 
four-phafie systems, is to be preferred in long-distance transmis- 
sion in still an undecided matter. 

As an example of transmission to a moderate distance by con- 
tinuous currents, we may cite the plant at Schaffhausen, erected 
by the Oerlikon Works of Zurich, where 500 actual horse-power 
are delivered to the spinning mills electrically, with a nett efB> 
ciency of 78 per cent. , from turbines in the river 750 yards away, 
two generators (six-pole over-compounded dynamos designed 
by C. E. L. Brown) being used, to give each 330 amperes at 624 
volts. The motors, which are of the siune type, are constructed, 
with field- magnets, which are relatively more powerful than 
those of the generators, and run without varying more than J 
per cent, in speed between no load and full load. The commu- 
tators are guaranteed to last for 20,000 hours. 

As an example of long-distance transmission at an extra-high 
voltage may be cited the experimental line erected in the sum- 
mer of 1891, from Ijauffen to Frankfort, a distance of 175 kilo- 
metres. At Lauffen a special low-pressure turbine was Axed in 
the river Necker to drive the three-phase alternator, by Brown, 
described on p. fiS8, capable of giving (at full power) three alter- 
nating currents of about 1400 amperes each at 60 volts. These 
currents were converted by special transformers into three 
smaller currents at either 12.500 or 25,000 volts. Three copper 
wires, each 4 millimetres in diameter, were carried to Frank- 
fort on tall poles ; about 10,000 porcelain insulators being em- 
ployed, with oil-cups for high insulation. At Frankfort the cur- 
rents were received into step-down transformers and reconverted 
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to the low-preesure of about 60 volts, to supply either lamps or 
three-phase motors. Testa > were made by a jury, having Prof. 
H. F. Weber as its head. 

> WIitlM thesa sheeta are going through the press, unofficial infonnatloii 
comes to band aboat the yet unpnblijhed testa. It appears that when the 
hif;h'pressure ot 80^000 Tolta was used the watts supplied at LauSen were 
90,600, and the watts actually received and used at Fraakfort were 58,000; 
showing the giaUfylngrMaltaf ansfflcdency of TSl-Spei cent. 
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CHAPTER XXVn. 

BXOTTLATOBS FOB DYNAMOS. 

Ubaks of goTeming the perf oimance of dynamoe are needed, 
not only for keeping the preemire at Bome constant number of 
voltB or for keeping current at some constant number of amperes, 
but also for euch purposes as to enable the voltage of any one 
dynamo to be raised in order that it may teed into some distant 
point (J a distributing network. 

The output of a dynamo depends on three inbinric matters, 
namely, (i) speed n, (tt) number of armature conductors C, and 
(lit) magnetic flux N ; and on two extrinsic matters, namely (ir) 
resistance of the circuit and (u) counter electromotive-forces in 
the circuit. It is therefore clear that any one of these fire mat- 
ters might afford a method of controlling the performance of the 
machine. 

To introduce resistances into the main circuit is always waste- 
ful, and may be dismissed as an unecouomical method oCregul&- 
tion suitable only for experimental purposes. To introduce 
counter electromotive-forces into the external circuit is usually 
impracticable. It remains therefore to consider the three intrin- 
eie methods. 

Speed governing is clearly limited to those cases where there is 
a separate engine for each dynamo ; and in such esses a special 
governor will be required instead of the usual centrifugal engine 
governor. 

To alter the number of conductors in a rotating armature 
whilst it is running is absurd. Their effective number can, how- 
ever, be altered by the device of shifting forward the brushes so 
that they collect the current not at the point of highest potential, 
but at some other point. This method virtually usee some of the 
armature windings, namely, those between the neutral point 
and the point to which the collecting brush is advanced, to pro- 
duce internal counter electromotive- forces. 

To alter the magnetic flux is the almost universal mode of con- 
trol ; and it may be accomplished in two entirely distinct kinds 
of way. Since the flux depends on the excitation (or ampere- 
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turns) and oa the reluctance of the magnetic circuit, it can be 
varied by varying either the former or the latter. The excitation 
may be altered in various ways, (a) by hand with the aid of 
rheostats and commutators in the exciting circuit, or (6) auto- 
matically by special governors in substitution for the hand, or 
(ft) by devices of compound winding. Themagneticcircultmay 
be varied in several ways, aa (rf) bymovingthepolepiecesnearer 
to or further from the armature, (e) by opening or closing some 
other gap in the magnetic circuit, (/) by drawing the armature 
end-ways from between the pole-pieces, (g) by shunting some of 
the magnetic lines away from the armature by applying a mag- 
netic shunt across the limbs. All these magnetic devices have 
been tried,' but not with much success except in small machines. 
Hand-regulators, — These consist of sets of sliding contacts to 
enable the operator to perform one of the following operations: — 
(1) insert or remove resistance from the exciting circuit of a shunt 
dynamo (see Edison's Regulator, Fig. 180, p. 279) ; (2) insert or 
remove resistances, shunting the magnetizing coils of a series 
dynamo; (3) cut out more or fewer exciting coils', these bein^; 
grouped in sections. 

Constant Prkssurb and Conbtakt Cijreent Beoulators. 

In all automatic regulators there is a part which has to act as 
the brain of the instrument, watching as it were against any 
variation, and setting into action the mechanism which is to 
counteract the variation. This watching device is usually some 
sort of an electromagnet, often a coil with a movable plunger. 
When the volts are to be kept constant the coil of the controlling 
device must be wound as a voltmeter coil, that is of fine wire, of 
high resistance, and connected as a shunt. When the amperes 
are to be kept constant the controlling coil must be wound like an 
amperemeter with thick wire, of low resistance, and inserted in 
the main circuit. Alternators are usually regulated by oper- 
ating on the circuit of their exciters, the current in the gov- 
ernor coil being derived from the mains by a small transformer. 

Ooolden's Automatic Ref7»?a(or. ^Automatic regulatorsare of 
two species : in one the work of moving the regulator is accom- 
plished mechanically, the control only being electrical j in the 

' For an esftmple ot {d) see FIrlb's method (!>ee ln'lu»tries, Ix. 161), In 
which the polar masses are drawn backwards by sercws; and of (ff) % mag. 
netlc shunt applied by DpsroEiers, in Lumicre Kleetriquf, xxiv. 894. 
Other magnetic methods liave been usimI by Uooltlen and Trotter, Langley, 
P. Miiller, Lontln, and Dlehl. 
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FiO.489. 



OOOLDEN'S ACTOMATIC Reoulator. 
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other both the control and the moving power are obtained elec- 
trically, Goolden's regulator, Fig. 485, belongs to the former of 
these classes. In this instrument there is a row of eliding con- 
tacts which are respectively connected to the wires of a reeiat- 
ance-f rame or rheostat i shown in the lower part of the cut. The 
eliding piece is worked by a vertical screw, and this is caused to 
rotate right or left-bandedly as may be required under the oper- 
ation of a double crown-wheel on a sleeve on the vertical spindle, 
placed between two screws that are kept in rotation by a small 
pulley driven slowly from the engine. The controlling part — 
the brain o( the apparatus — is the hollow coil of wire on the right, 
with its suspended iron plunger. When the current in this coil 
is of proper normal strength the plunger is drawn in just so far 
that the crown-wheel is not in gear either with the upper or the 
lower driving screw. If the current in the coil grows weak the 
plunger rises, causing the crown-wheel to engage in the upper 
screw, which immediately begins to turn it, so moving thesUding- 
contact in such a way as to increase the excitation of the dynamo, 
and bring back the current in the coil to its normal strength. 
The wires A and B from the governing coil go to the circuit that 
is to be kept to standard condition, whilst the exciting circuit of 
the dynamo is connected to C and to the sliding piece. 
Fio. 466. 




MaQITA1R£'B REOm^TOR. 

Maquain^'e Regulator iaKaexaxn^Xeoi the second kind, both 
the controlling and the moving mechanisms being electrical. The 

• On the construcllon of snrh rheostats, choice of wires, and the like, see 
Herrick, Electrical fVvrlil, xv. 240, I81»; also Ayrton and Mather, Phy». 
Boelely, 1H9I. 
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governor O- consiste of an electromagnet, the armature of which 
is attached to a spring, and when the current through it — in the 
main circuit of a Bet ot lamps, L L in Fig. 486 — is normal, is so 
balanced that the tongue attached to it lies f reo between two con- 
tact-BCrewB. The dynamo A has two exciting coils. One in the 
main or lamp circuit: the other is a shunt circuital cde/i; A t, 
in which are included the coils r r of a rheostat. Thecontactsof 
thisrheoBtat are operated by turning a shaft J J.having atortuous 
contact-piece E! K upon it. The mecbaniBm which turns the shaft 
J J is a small electric motor, the field-magnets of which H ere in 
the main circuit. By a device explained on p. B93, the armature 
of this motor can be made to turn in either direction by being 
made a shunt to either half of the field-magnet of the motor ; one 
brush being connected to the magnetizing coils raid-way between 
the two limbs, the other being connected to the tongue of the 
governor G. Hence if the main current becomes too weak the 
tongue rises, and making contact, causes the motor armature 
to turn 80 aa to alter the resistance and increase the excitation of 
the dynamo. 

Bruah'a Automatic Regulator. — This is a simpler example of a 
purely electric regulator. A series dynamo is made to yield a 

FiQ. 487. 




Bhcsh's Automatic Hboulatoe. 

constant current by introducing across the field-magneta a shunt 
of variable resistance, the resistance of the shunt being adjusted 
automatically by a governing electromagnet whose coils form 
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part o£ the main circuit. The system is shown in the acconi' 
panying diagram (Fig. 487). The dynamo at D pours its current 
into the circuit, leaving the commutator (as drawn) by the upper 
brush, whence it Qows through the field-magnets F M, and round 
the circuit of lamps LL, back to the negative terminal. Sup- 
pose now some of the lamps to be extinguished by switches which 
short-circuit them; the resistance of the circuit being thus di- 
minished there will be at once a tendency for the current to in- 
crease above its normal value unless the electromotive-force of 
the dynamo is at once correspondingly reduced. THis is dune by 
the scJenoid B in the circuit. When traversed by the normal 
current it attracts its armature A with a certain force just suffi- 
cient to keep it in its neutral position. If the current increases, 
the armature is drawn upward and causes a lever to compress a 
column of hard carbon plates C, which is connected as a shunt 
to the fleld-magnets. These plat«swhen pressed together con- 
duct well, but when the pressure is diminished their imperfect 
contact partially interrupts the shunt-circuit and increases its 
resistance. When A rises and compresses C, the current is 
diverted to a greater or lesser extent from the field-magnets 
which are thus under control. This regulator will keep the cur- 
rent constant even though the speed of driving may be irregular. 

Thomson- Houston Regulator. — This was described on p. 471, 
and operates by shifting the brushes bo as to bring counter elec- 
tromotive-forces into play, and is purely electrical. 

Stattf.r'a Segulator. — This was described on p. 478, and shifts 
the brushes by a motion derived mechanically from the rotation of 
the dynamo, but electrically controlled. 

Waterhouse's Third Bntfih Regulator. — In this case the excit- 
ing circuit on the dynamo receives and carries a variable part 
of a current supplying arc lamps in series as in Fig. 488, the 
other part being caiTied by a local circuit which, starting from 
a third brush, joins the lamp circuit at a certain point along a 
resistance in the circuit. In Fis. 488 the positive bnish is 
marked a, and leads through the exciting coils to the resistance 
R, and there is joined by the local branch from the third brush 
c. The action depends on the armature reaction altering the 
point of highest potential at the commutator. If, on cutting out 
one or more lamps, the current in thearmaturewere to increase, 
the position of maximum potential would be shifted from a 
towards C, causing more current to Sow by the local branch, and 
less by the exciting branch, so bringing down the excitation, A 
special study of this method of regulation has been made by 
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Caldwell ,1 who has shown that it can also be applied to constant 
pressure regulation. 




WATEBHOUBB'S TmBD-BBOBH Reoqlator. 



Wooda Regulator. — In tjiis method also a pilot brush is em- 
ployed, but there are two exciting circuits wound differentially. 
And there is an electromechanical device for shiftijag the brushes, 




Wood's Reoci.atob. 



attached to the dynamo. Fig. 320, p. 476, In the regulator, Pig. 
489, the governor coil N actuates a core, the motion of which 

' TTie Eleetririmi, mU. 217, ISSS; and rrmarlcs by Trof. NichoHs, th.. 
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<q>eiiB or cloBes a by-pass circuit of an electromagnet M, which 
moves the rocker to which the two brushes are attached. When 
sU the lamps are in circuit and the dynamo fully excited, the 
pilot-brush C is close to 6, so that almost no current flows around 
the demagnetizing circuit a a. If now some lamps are cut out, 



Henbion'b Reoulatob. 

momentarily increasing the current above normal value, tho 
governor core rises and breaks contact at ef, causing 2f to shift, 
the pilot-brush C forward, bo that the demagnetising current is 
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Btrengtbened, so reducing the excitation. Sparking at.e/is min- 
imised by the resistance r. 

Henrion'a Regitlatw. — Another electromechanical regulator is 
ehoini in Fig. 490. The plunger of the governor A, on moving 
np or down from normal poeition, works the mechanism by short 
circuiting one or other of two electromagnete B and C, both of 
which are alao in the main circuit. Below them is an oecillatmg 
lever pivoted on a pin carrying two ratchet wheels ; and lever 
carriee a double-ended iron paw]. If either magnet is cut out by 
the governor, the pawl drops over and at once begins to take up 
teethon one of the ratchet wheels, thereby moving a contact arm 
over studs that conmiunicate with the wires of a rheostat. 

Havenehaw and Trotter's S^gulator. — This is an interesting 
example of the use of a magnetic shunt to produce a constant 
current. In the arrangement in question the number of mag- 
netic lines through the armature core is reduced to any deeired 
degree, without producing instability, while the field-n 

FiQ. 4SL 



R^VENSHAW ADD TROTTBR'S MAHKETTC SHOnT. 

saturated to its xisual degree, by diverting the magnetic lines 
out of theif usual path, into a path of lower m^netic reluctance. 
The plan of employing a movable keeper of iron was superseded 
by Trotter's suggestion to fix the keeper and to vary its eSect by 
surrounding it with a counter -magnetizing coil. The double- 
circuit type of field-magnet is suited for this purpose, one half of 
the machine being kept saturated as a field-magnet of constant 
power, whilst the other half acts a keeper. In Fig. 4S1 tha act* 
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fng fleld-magnet is the right-hand half H, with the magiietiztog 
coUs A and B ; the keeper is the left-hand half K, with the coils O 
and D. Theee four coils are connected up in the usual way to 
give consequent poles at the pole-piecee, but there is a regulating 
Bet of resistance R arranged as a shunt to the coils C and D. 
When the resistance B is small, the coils and D scarcely receive 
any current, and consequently nearly the whole of tfaenuiignetio 
linee generated in the magnet pass round the keeper instead of 
through the armature. By introducing resistance at B the coils 
O and D begin to excite a counter magnetism and drive back 
some of the lines out of the keeper and into the armatiure. The 
resistances at B are arranged in a graduated set provided 
with contact pieces, with which contact is made by a slider 
worked by a governor, such as Fig. 485, It was found necessary* 
to cut a gap in the magnetic circuit of the keeper to prevent 
aluggishnees in the descending magnetizations. 

Sperry'a Begviator. — This has a mechanical movement for 
shifting the brushes, operated from the shaft of the dynamo, but 
electrically controlled. It is shown in Fig. 818, p. 475. 

M. Beignier* has drawn attention to a solution of the problem 
of exactgoveming to procureaconstant current by automatically 
varying the number of coila through which the current is per- 
mitted to pass. 

Electrio Goternorb for STEAH-EKanrae. 

No centrifugal governor attached to the steam-engine can keep 
the speed of the dynamo truly constant ; for it does not act until 
the speed has become either a little greater or a little less than 
the normal value. Few mechanical governors will keep the 
speed within 6 per cent, of its proper value, imder sudden 
changes of load. Hence the suggestion which underlies all elec> 
trical governors, that the admission of st«am from the boiler to 
the engine should be controlled by the electric current itself, the 
speed of driving being varied according to the demands of the 
circuit. It is emphatically needed wherever the loads are liable 
to sudden variations, as in the case of generators for electric 
railways. Numerous eu^eetions of a more or less practical 
nature have been made by Lane-Fox, Andrews, Bichardeon, and 
others. 

> See paper by A. P. Trotter, In ElectrieUm, zix. 3T4, 1887. A drawing 
of the governor itself 1b given in the ElectriwA Bevlev), xlx. 289, Sept. 17, 
1880. 

■ La Ltmiire Etectrique, xxvl 420, 1887. 
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fltcAardsOM'sOoremor.'— This governor is used to mftintftin 
either a constant current or a coostaiit potential. In the former 
case it« coila are included in the main circuit and are of thick 
wire : in the latter they are arrai^ed as a shunt to the mains 
and ere o£ fine wire. The arrangementa 
are shown in Pig. 492. 

The valve which adniits steam to the 
en^e in a double-beatequilibrium valve 
E ; its stalk passes upwards and is acted 
upon by a plunger P, wliich is pressed 
down by the shorter end of the lever L, 
which is in turn connected with a long 
vertical spindle having a weight C at its 
lower end, and at its upper end carrying 
the iron core B, surrounded by the 
solenoid A. A spring 8 counterpoises 
the slight upward pressure of the steam 
on the valve. When the current passes 
through the solenoid A, it lifts the core 
B to a certain height and admits to the 
oigine a sufficient quantity of steam to 
drive the engine at the speed requisite to 
maintain the current. Should the resist- 
ance of the circuit be increased by the 
introduction of additional lanqn, the core 
B will fcdl a little, thereby turning on 
more steam, until the speed has risen to 
KiCHARDSON's Electric that now necessary. For additional 
Governor. safety a separate electromagnet o is 

added, which, when in action, holds up the heavy ironblock b. 
Should the circuit from any cause l>e bniken, the block b in- 
stantly descends and cuts off the stfiini. In some experiments 
made at Lincoln in 18S3, in the autlior's presence, on a Brush 
16-light machine fitted with a Richardson's governor, the follow- 
ing results were attained :— Hi'venteen arc lamps being alight, 
six wore suddenly switched off : in four seconds the speed of the 
engine came down from 1^8 to 1(", and the current which was 
10-2 amperes had retumed to exactly the same value. Seventeen 
lamps being again alight, the whole were sliort-circuited, leav- 
ing the current nmning only through the governor and the field- 
magnets of the dynamo. The engine pulled up in less than one 
stroke, and in fourteen seconds the speed had come down to 24. 
> See Spociflcation of Tatent, No. 26S of 1881. 
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the engine just crawling round at a speed sufficient to keep 
the magnets charged. In another experiment the circuit of the 
whole seventeen lampe waa suddenly broken, the engine running 
at 140. In fifty-ftve seconds it had stopped, the steam having 
been cut off in tees than a quarter of a second. No centrifugal 
governor could have bo instantaneously shut off steam : it would 
not have acted until the engine began to race. With the elec- 
tric governor the steam was cut oft before racing could even b^n. 
At ^ speeds from 36 up to 146 revolutions per minute, and with 
any number of lamps from none to seventeen alight, the current 
was practically kept at a constant value in a most efficient 
manner. Another of these governors connected with an incan- 
descent-light system working at 92 volts was found to keep the 
potential correctly to within I percent., even though the number 
of lamps was varied from 91 to 31, and the J^iler-preeeure from 
32 to G5 lbs. per square inch. It also maintained an absolutely 
constant potential when but one lamp was alight, though the 
boiler-pressure was purposely varied from 31 to 55 lbs. per square 
inch. 

Willans' Governor.^— Tbia instrument has been applied with 
great success at Victoria Station and elsewhere. In common 
with Richardson's governor, it employs the attraction exerted by 
a solenoid on an iron core to actuate an equilibrium vEdve ; but the 
action is indirect, the solenoid core operating on the small value 
which controls a hydraulic piston, the latter in turn controlling 
the lai^e steam valve. The arrangement is shown to Fig. 493, 
where T is the large piston throttle-valve. The throttle-valve 
spindle passes downwards and is connected direct to the piston 
of the hydraulic relay. The solenoid A attracts its core B sus- 
pended on a spring. The position of B determines that of the 
lever X, which is connected at one point to the spindle of the 
throttle- value and at another to that of the small controlling 
valve. If the potential at the mains falls, lees current flows 
round A, in consequence B rises, and its projecting earpiece raises 
the lever X, admitting more water above the controlling piston, 
which consequently sinks, drawing down the throttle- valve with 
great power and admitting more steam to the driving engine. A 
comparatively small solenoid, actuated by but 03 ampere of cur- 
rent and absorbing only about :!2 watts of power, may thus bring 
a force of many pounds to bear upon the steam valve, and will 
<M)ntrol with ease a 60 horse-power engine. 

1 See SpeclBcationa of Patent Nos. 1184,520], and 6945 of 1883; atsopsper 
hy P. W. WilUtu Id Prac. IimL CieU Engineers, lixxi. pt. ill. 1884-8. 
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WiLUiKs' Governor. 

Jamieaon'a Governor. — This coiisistB of a copper disk revolving 
between the poles of a small electromEignet in the circuit, and 
actuating a throttle-valve by means of a spring and a cone gear- 
ing. It was figured in the earlier editions of this work. 

One great advantage of the electric governor is that it cuts 
tiown the consumption of steam to the Eictual demands made 
upon the electric circuit, and prevents injury both to the dyna- 
mo and to the steam-engine. 

DynoTnometric Goeemiiiy. — Another method of governing 
■dynamos is too important ti> be omitted. The power tranamitted 
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alotif; the Bhitft ia the product of two factore, speed and torque. 
If w ijtandH for tho angular velocity and T for the torque, then 

w T — mechanical power in the armature. 

But the activity, or work per second, or power, of a dynamo 
can be measured electrically, hy the product of its electromotive- 
force into the current it drives through the circuit. If E stands 
for t&e electromotive- force, and i for the current, then 

E t — electric power (gross) in the armature. 

In a good dynamo the electric power, though not equal to the 
mechanical power, will exceed 95 per cent, of it. Now we know 
that, other things being equal, the electromotive-force E of a 
{lynamo ia proportional to speed of driving. It follows at once 
that the torque ivillhe proportional to the current i. This at once 
suf^eets that a dynamo may be driven so as to give a constant 
current, provided it be driven from a steam-engine governed not 
hy a centrifugal governor to Tnaintain a constant speed, but by 
« dynamometrie governor to maintain a constant torque or turn- 
ing moment. Some good transmission dynamometer, such as 
that of Morin, or one of the later varieties, such as those designed 
by Ayrton and Perry, or best of all that designed by the Rev. F, 
J. Smith,' may be adapted to work an equilibrium valve, and 
-would fulfil the above condition of governing. 

Prof. E. Thomson has suggested the use of a dynaniometric 
Apparatus to govern a constant-current dynamo by the metho<l 
ot shifting the brushes. A description of this governor was given 
in the second edition of this work. 

Ooverning by Steam-Preasure. — It was remarked above that 
electric power and mechanical power are each a product of two 
factors. But in an ordinary steam-engine the work per second 
also consists of two factors, viz., speed of piston and steam-pres- 
aure; and the angular velocity of the shaft is proportional to the 
former, and its transmitted torque to the latter. Therefore the 
condition of maintaining a constant current ought to b© fulfilled 
if the pressure ia always constant. If the valves are such as to 
admit a fixed quantity of steam at each stroke, and if the boiler 
pressure ifl really kept up, then liie average pressure behind the 
piston ought to be constant. In practice this is never attained 
on account of the friction of the steam against the steam-pipes 

> Se« his excellent little book on H'ork-meaaurhig Machines, published 
bj MMsrs. E. and F. N. Spon. 
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and port-holes of the valves. The intemal friction in tlieengios 
plays the same part in preventing absolutely true Helf-regulatioiif 
as does the intemal electrical reeietance in the dyn&mo. An 
approximation is all that is poHsible.' In an experiment mads 
by X. Pollard with a (iramme dynamo, the current gave deflec- 
tions on a galvanometer, varying only from 69° to 34°, while 
additional resistances were introduced into the circuit, which 
caused the speed to runup from 436 to 736 revolutions per min- 
ute. Theoretically, therefore, a constant current ought to be 
one of the easiest things to maintain with a series dynamo. 
Have adequate boilers, keep the steam-preeaure atwaj's at <me 
point, abandon all governors, and admit equal quantities of steam 
at each stroke whatever the speed; the result ought to be a con- 
Rtant current. Thecondition of maintaining a constant potential 
cannot be similarly solved, except by employing a shunt dynamo 
under conditions that are both uneconomical and Impracticable. 
But in the case of constant-cunent work it is poeeible to go 
further toward realizing such results. The existing method at 
maintaining a constant steam-pressure is to put upon the boiler 
a preesure-gauge which indicates to the stoker when he ia to add 
more fuel and when to damp down the fire. Let the pressiue- 
gauge be abandoned, and instead, let there be provided at the 
side of the furnace an amperemeter, and let the stoker feed ot 
damp his furnace fires according to the requirements of the elec- 
tric system of distribution. Is there any valid reason why such 
a method of government should not be efficient in practice, at 
least in the case of the series dynamo for constant currents f 

Finally, to render the system truly automatic, it is conceivablo 
that mechanical stoking applianeesmightbearranged, under the 
control of the amperemeter or voltmeter, to supply the fuel ia 
proportion to the number of lamps alight. 

tviU mi, 188S: also 
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CHAPTER XXVIII. 

TESTING DYNAMOS AND MOTORS. 

Tests to be applied to dynainos are of two kinds , viz, those 
which relate to the design aud construction of the machines, 
aad tliose which relate to their performance. Under the 
former are included tests of the resistance of the various coils 
and connexions, and of the insulation of the working parts. 
Under the latter are comprised the tests of efficiency under 
various loads, and of output at diffei'ent speeds and conditions 
of working. 

Testing Construction. — The resistance of tlie various parts 
of the armature coils, of tlie field-magnet coils, and of tlie 
various connexions, may be tested in the ordinary manner, 
by means of a WheaUtone's bridge, or by one of the recog- 
nized gAlvanometer methods. The only point of difficulty 
lies in measuiing such small resistances as those of armatures 
and of ISeries coils, wliicli are often very small fractions of an 
ohm. In this case probably the best method of proceeding is 
the following. By means of a few cells of accumulators send 
n strong cuiTe lit thro ugli the coil or armature whose resistAnce 
is to be measured, interposing in tlie circuit an amperemeter. 
While this current is pasi^ing, measure, by means of a sensitive 
voltmeter, the fall of potential between the two ends of the 
coil. Hy Ohm's law, the number of volts of fall of potential 
divided by the number of amperes of current will give the 
resistance in ohms. Additional accuracy may he secured by 
connecting ui the circuit a strip of stout Gei-man silver, as 
recommended hy Lord Rayleigh, of known resistance, and 
comparing the fall of potential between the two ends of the 
strip with the fall of potential in the coil. The ratio of tlie 
two falls of potential will equal the ratio of the resistances. 

It ought on no account to be forgotten that the internal 
resistance of a dynamo when warm after Avorking for a few 
hours is considerably higher than when it is cold. Tests of 
resistance ought therefore to be made both before and after 



ivXtOO^IC 



784 Dynamo-Eletitrlc Mach'atery. 

the dynamo has been running. Tlie perfection of the mag- 
netic circuit may be tested in two ways. If tlie design or 
construction of tlie magnetic circuit is such as to give rise 
to magnetic leakage, it is desirable to ascertain the proportion 
of leakage. The actual amount of magnetic leakage may be 
measured by placing exploring coils over different iwirts of Uie 
magnetic circuit in the manner used by J. and E. Hopkinson.. 
They passed a single convolution of wire around the mi^net^ 
frame at different points, and joined it to a suitable galva- 
Qometer. The tlirow imparted to the galvanometer when tiie 
current in the monetizing coil was suddenly turned off or ou, 
is a measura of tlie number of mi^netic lines enclosed by the 
exploring coil. T]ie other way of examining the perfection 
of the magnetic circuit is to join up a known suitable i-esist- 
ance to tlie terminals of the machine, and then ta run it at a 
slow speed, gradually increasing the number of revolution!) 
until it excites itself. (The method is of couise inapplicable 
to many alternat«-current machines.) The least speed of uelf- 
excitatioii is, aeteria paribut, a measure of the goodness of 
the magnetic circuit. 

Testinff Iiundation-Retiitanre. — It was formerly the fashion 
\i» test tlie insulation-resistance between the coils of a dynamo 
and its metal cores or fi-ame by using a Wheatstone's briilge 
and a couple of small cells. The results were supposed to lie 
good if the test came out at a million ohms or more. All 
such tests are fallacious, as they afford not Uie slightest 
evidence as to whether the insulation is likely to break down 
under the working electric pressures. It must not be for- 
gotten tliat the electric tension or sti-ess to which the dielectric 
is subjected, tending to pieree it, varies as the square of the 
volts. The only i-ational mode of testing the insulation is to 
apply a high voltage — say from 2000 to 4000 volts — and see 
whether the insulation resists being pierced. The most con- 
venient way of applying the test is to use a small alternate- 
current tmnsfonner, giving the requisite voltage. All dyn^ 
mos^ motors, and transformers intendedfor high voltage work 
shouhl be tested at double the volts which they are intended 
to work at. All tests should be made when the apparatus is 
Warm after luiving been used. 
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Tetting Performance and E^ciency. — The testuig of the 
efficiency and working capacity of a dynamo, whether work- 
ing aa generator or as motor, is a niore serious matter, and 
involves both electrical and dynamoinetrical measui'ement^. 

In the case of tlie dynamo-generating currents, measure- 
ments must be made (a) of the horse-power expended, and 
(6) of the enei^ of the electric currents realized. 

In the case of the motor doing work, measurements must 
be made (a) of the electric energy consumed, and (A) oE the 
mechanical horee-power realized. 

Meaxurement of Horae-power. — There are four general 
methods of measuiing meclianical power : — 

(a.) Indicator Method.-^By taking an indicator diagram 
from the steam-engine wliich supplies the power. 

(i.) Brake Method. — By absorbing the power delivered by 
the machine, at a friction brake such as that of Prony, Pon- 
celet, Api>old, Raffard, or Fronde. 

(c.) Dynamometer Method. — By measuring in a transmission 
dynamometer or ergometer, such as that of Morin, von 
Hefner-Alteneck, Ayrton and Perrj', or of F. J. Smith, the 
actual mechanical power of the shaft or belt. 

(rf.) Balaiiee Method. — By balancing the dynamo or motor 
on its own pivots and making it into its own ei'gometer. 

To these must now be added a lifth method, namely: — 

(e.) Eleetrical Metliad. — By making tlie motor drive the 
dynamo which supplies it, measuring electrically the work 
given out in t)ie one, or absorbed by the otlier, and then 
measuring, either mechanically or electrically, the differenee. 

(a.) Jiulicutor Method. — The operation of taking an indicator 
diagram of the work of a st«aiM-engine is too well known to 
engineers to need more than a passing reference. This method 
is, however, not always applicable, for in many cases the steam- 
engine has to drive other machinery, and heavy shafting for 
other mnchineiy. In such cases the only remedy is to take 
two sets of indicator diagrams, one when the dynamo is at 
work, the other when the dynamo is thrown out of gear, the 
difference being assumed to represent the horse- power absorbed 
by the dynamo. 

(i.) Brake Method. — Tlie friction-brake of Prony is well 
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known to engineers, but the same can hardly be said of the 
more recent formn of friction dynamometers. Various iniprOTe- 
menta have been introduced in detail from time to time by 
Poncelat, Appold, and Deprez. In Prony's method the work 
is measured by clamping a pair of wooden jaws round a pulley 
on the shaft ; the torque on the jaws being measui'ed directly 
by hanging weights on a projecting arm with a snfflcient 
moment to prevent rotation. If p m the weight which at 
distance I from the centre balances the tendency to turn, the 
the friction- force f multiplied by the radius r of the pulley will 
equal p multiplied by /. 
This may be written, 

Torque =^/r ~ pi. 
From which it follows that 

If n be the number of revolutions p^ lecond, then 2 «- n is 
the number of radians per second, or in other words, the angu- 
lar velocity for which we use the symlwl u, and Iwnr is tlie 
linear velocity v at tlie circumference. Xow the work per 
second, or power, is the product of the force at the circumfer- 
ence into the velocity at the circumference, or 

If /^is measured in pounds weight, and Im feet, then, remember- 
ing that 550 foot-pounds per second go to one horse-ix>wer, we 
have 

550 ' 



Horse-power absorbed =- - 



or, if p is expressed in grammes weight, and / in centimetres, 
it must be divided by 7-6 X 10* to bring it to horse-power. 

The later improvements imported into the Prony brake are 
of great importance. Poncelet added a rigid rod at right angles 
tothelever, and attached the weights at the lower end. Appold 
substituted for the wooden jaws a steel strap, giving a more 
equable friction, and tlierefore having less tendency to vi- 
bration. Ratfai'd' substituted a belt differing in breadth, and 

' For further acroiiiits of these inBtrumenta the reader is Kfeired t« 
Weifbach's Meehanirf of Eagiiieerini; ; Hpons' Dictiiynary of Englneeritti/, 
Aitlcle "Dynamometer"; Smith's Work-meninirini/ Maehitieg ; a series 
of articles In the Eferfrirlon, ]88;J-4, by Mr. Gish^rt Kapp; Prnr. Inn/. 
Mvrh. Eng., 18TI, p. 237 (Mr. Froude); Hep- Brit, ^woe., J883 (Prof. 



iv.t^iOO^IC 



Testing Dynumos and Motors. 787 

therefore offering n variable coefficient of friction, accordingto 
the amount wrapped round the pulley. Further modifications 
of this kind of brake dynamometer have been made by Pro- 
feasor James Thomson, Professor L'nwin, M. Carpentier, and 
by Professors Ayrton and Perry, The friction of a turbine 
wheel was also applied as a dynamometer brake by the late W. 
Froude. 

As all these brake dynamometers measure the work by 
destroying it, it will be seen that though they are admirably 
adiipted to meayui'e the work furnished by a motor, they cannot, 
except indirectly, be applied to measure the work supplied to a 
dynamo. Some experience in working with these machines is 
essential if reliable results are to be obtained ; but with the more 
modern foi-ms of instrument, such as those of Poncelet and 
HafTard, the results are very good. The great secret of success 
is to keep the friction surfaces well lubricated with an abun- 
dant supply of soap and water. 

(c.) iJyiiamometer Method. — 'Hie Prony brake was styled 
above a brake dynamometer; but the true dynamometer for 
measuring transmitted power does not destroy the power 
which it measures. Transmission dynamometers may be 
divided into two closely allied categories : those which measure 
the power transmitted along a belt, and those which measure 
power transmitted by a shaft. 

In the case of transmitting power by a belt, the actual force 
wliich drives is the difference between the pull in the two parts 
of the belt. If V is the pull in the slack part of the belt 
before reaching the driven pulley, and F the pull in the tight 
part of the belt after leaving the driven pulley, then F - F* 
represents the nett pull at the circumference, and (F - V) -^ 
r is the torque T. Then if « is the number of revolutions per 
■second, the angular velocity w will be equal to 2 x n. This gives 
us as the work per second, or power, 

M _ « T _ / u _ 2 , H r (F - F). 

As before, if F is expressed in pounds weight and r in feet, 
the expression must be divided by 550 to bring to horse-power : 
or must be divided by 7-6 X 10* if the quantities are expressed 
in grammes weight and centimetres. 

A dynamometer which can be applied to a driving belt, and 

Tlnwln); Jo«rn. S«r. Teleyr.-En'j. oi.d Etectr.. xWx., vol. xU. .140 (Profs. 
Ayrton mad rerry). 
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actually measure!^ the difEerence F - F in tlie tight and slack 
parts of the belt, haa been designed by von Hefner- AIt«neek, 
and is commonly known mt Siemens' dynamometer.* Other 
forms have been devised by SirF. J. Bramwell, W. P. Tathaiii,* 
W. Froude, T. A. Edison, and others. Kejirly all of these 
instruments introduce additional pulleys into the transmitting- 
system, causing additional friction. 

Much more satisfactory are tliose transmission dynamometers 
which measure the power transmitted by a shaft. In nearly 
all instruments of this class there is a flxed pulley keyed to the 
shaft, and beside it a loose pulley connected with it by some 
kind of spring arrangement, so set that the elongation or bend- 
ing of the spring measures the angular advance of the one- 
pulley I'elatively to the other; this angular advance is propor- 
tional to the tninsmitted torque. To this class of instrument 
belongs the well-known dynamometer of Morin, in which the 
displacement of the loose pulley is resisted by a straight bar 
spring, the centre of which is attached to the driving shaft. 
Modifications of the Morin instrument Imve been devised by 
Eaeton and Anderson, Heinrichs,* Ayrton and Perry,* Murmy,* 
and the liev. F. J. Smith, of the Millard Engineering labora- 
tory, Oxford. Of the last-named instrument, a full descrip- 
tion and cut were (pven in the former editions of this book. 

(d.) balance Method. — Tlie following method was devised by- 
Mr, Smith when testing some small Trouv^ motora at the Paris- 
Exposition of 1881. With small motors there arises the diffi- 
culty that the ordinary means of measuring the work they yier- 
forni introduce relatively lai-ge amounts of extraneous friction. 
The motor to be tested is placed with its armature spindle 
between centres, or on friction wheels, and the weight of the- 
field-magnets and frame is very carefully balanced with coun- 
terpoise weights. In Fig. 494, B D represents the field-magnets 
and frame of the motor duly counterpoised, and E is the arnin- 
ture. When the current is tui-ned on, the armature tends to 

' One fonn of the Siemens dynamometer Is ile3crH>eiI by Itopkinson, 
Proc. Iniit. Mfch. Eny., ISIO. A more modem form is described hy 
Schrdler, BoyerMeften Indnatrte-nnd-GfKerbeblaK, IKSJ, 

" Joum. Franklin iMtilnte, Nov, 188fl, 

■ See Bni/ineeriiif/, May 2, lSft4, »u<l A'(fr(riral i?«ieiE, Aprfl 20,1884, 
for an exeelient aocoimt of a series of tp-sis carried out with great care and 
Ability for Mr.Heinriclis, by Messrs. .Alabaster, Gateliouse and Co. 

* Jonra. Hue. Tflegr.-Eny. and Elcctr., xii, 183, 1883, 

• i.'iirf., xviil. 18Sfl. 
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rotate in one direction, and tbe field-tn^neta in the other ; the 
angular reaction being of uourae equal to the angular action. 
If the reaction which teiid^ to drive the fleM-niagneta round, 
be balanced by applying a force P (for example that of a spring 
balance) at the point C of the frame A B C D, then the moment 
of this force P d nieagures the torque, exactly as in the Prony 
brake. Hence it wilt be seen that the motor has become its 
own dynamometer, the magnetic friction between the armature 

Fia.tH. 



SiOTB's Method or Testino Hoiok& 
and the field magnet being substituted for the mechanical {no- 
tion between the pulley and the jaws. A modification of tbe 
balance method, due to Herman Mailer, consists in swinging 
the dynamo in a cradle, pendulum fashion, from the driving 
shaft, and estimating the power absorbed by the displacement 
from the vertical line. 

M. Marcel Deprez and Professor C. F. Brackett have proposed 
to apply the balance method to dynamos in action. Professor 
Itrackett places the dynamo in a sort of cradle, balanced on 
centres that lie in the axis of rotation, and measures the angu- 
lar reaction-foi-ce or torque between the armature and field- 
magnets, and multiplying this by the angubir velocity 2 r ti, 
obtains the value of the power transmitted to the armature. 

All these several dynamometric methods necessitate the use 
of a speed indicator to count the number of revolutions n, 
which enters as a fitctor into the calculation of horse-power; 
Too great care cannot be taken, especially in testing smaU 
machines, that no unnecessary friction be tliereby introduced. 
A flexible connexion, such as a piece of dentist^s spring, 
between the axle of tbe machine and the axle of the counter 
appears to l)e desimble. Tbenumberof revolutions/>er«ccoMrf 
n being known, the angular velocity u — 2 r n can be calca- 
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lated. This only requires to be multiplied by the torqae T 
— F f to give the power of work-per-Hecond «. And if T is 
expressed in pound-feet, then, 

Iloree-power ~ t_;_^ — T^b _ , 
55U 650 

(e.) Electrical Methodi. — There aie several varieties of this 
modem method of testing, and they involve the ose of two, 
or in some cases three machines. J. and E. Hopkinson * 
propose to use two similar machines, one as generator, the 
other as motor, connected together both electrically and 
mechanically. The power given out by the former machine, 
and that absorbed by the latter, are measured electrically. 
The motor is made to use its mechauictJ power to aid in 
driving the generator, and the small additional power required 
to drive the generator (supplied by a steam-engine) is meas- 
ured mechanically by a dynamometer. Modifications of this 
method for the purpose of obviating all mechanical measure- 
ments have been suggested by Lord Rayleigh,' Captain 
Cardew,* whose method dates from 1885, M. Menges,* Mr. 
Ravenshiiw,* Mr. Swinburne, and Mr. Kapp.* 

All these methods are far more accurate than the rough 
mechanical methods of earlier date, and each has its advan- 
tages, but Hopkinson's method requires two similai* machines, 
and Cardew's requires three machines, one of which must 
be powerful enough to run the other two. In Swinburne's 
method the loss of power due to resistance of conductors is 
calculated, and this deducted from the whole loss of power in 
the machine gives the " stray power " made up of losses due 
to eddy-currents, friction, and magnetic hysteresis, wliich are 
thus measured together. This stray power is determined by 
using the machine as a motor, the field-m^^ets being sepa- 
rately excited so that the armature has the same magnetic 

^PMl. Traiut., 1886, li. 347. See also Electrician, xvl. 347, 1886; mni 
Electrical Aecieui, zviil. 207 and 230, 1886. 
» Electrical Berieai. itHI, 242, 1886. 
■ Ibid., xix. 464, lesa ; and Eleetrteim. xtIL 410, 1686; and zxL 27B, 1867. 

• ElecMcian, xvl. 371, 1880. 

• EleHrlcal Rfrtea, ili. 124 and 437, 1880. 

• I'jid., xxE. 181 and 215, 1887. 
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induction as at full load, the electromotive-force applied to it 
being anch aa to diive it at ita normal speed. Only a small 
generating dynamo is required to furnish the cun'eiit for this. 
When matters are so arranged tliat the machine to be tested 
runs at ita normal speed, the power used in driving the 
machine (which is measured electrically by taking i-eadings 
of the volts on the armature and the amperes flowing tlirough 
it, and multiplying up) is equal to tlie stray power at full 
load. 

An example maj be ueefuL Suppose we have to test a Urge 60 kilo- 
-watt shunt-wound djnamo, giving 500 amperM at 100 volts at 7^ revo- 
lutiona per minute, and that r^^i^^O-OOe ohm, sud rt t=13 ohuu, the lost 
amperes will be 1IXI~13^8'5. total current aay 508 amperes; lience 
lost volte 608 X ""OOS = 8 volte : whence E = 108 volts. Watt« la«t In 
ftrinaturB = B08x508XO-IX>e = 1M8. Watts loetin shunt coil = 100 X 
100 -^ 13 = 888. Now arranee any small dynamo, of say 2 H P. , to give 
out current at 108 volb) : and from this run the large dvnaino that ui to 
be tested, as a motor, with no otlier load tliao its own friction, hystere- 
sis and eddy-cuirenta. It will run under 720 revoiutione. since with 
such small current its armature produces no demagnetizing action to 
quicken it up. Tlierefore add some resistance to its shunt till it comes 
up to speed. Then measure the current it is taking ; tliis multiplied by 
K gives the stray power. Suppose it takes S amperes, then the stray 
power is 108 X 9 = 927 watttj. We may at once reckon out the effl- 
ciencies. The losses now known are l.'US + 883 + 027 = 3S08. Add 
tliis to the 50,000 wntts of nett out-put. and we get the gross out-put 
683.08. Hence we have the following ;— 

„ G238I ^„ 

. Gross efficiency = -^^= *'8 per cent. 

Electrical efficiency = ^j^j-=9i5'5 „ 

Nert efficiency iz. - ^^ = 88-8 „ 
Tetting Separate Lo»»e». — In the preceding par^rraph no 
distinction was made between the three sources of loss which 
go to make up the stray power, namely, friction, eddy-currente, 
and hysteresis. It was indeed possible to separate the eddy- 
current loss from the others by making experiments at 
different speeds,^ because the eddy-current loss increases pro- 
portJooately to the square of the speed, whilst the other losse^ 
are approximately proportional simply to the speed. The 
power thua wasted was given to the armature by a motor, 
and measured electrically. In 1891 a method of separating 
these losses was independently published by Eapp ' and by 

> Jowm. Jnat. MectTical Engtneera, xvlU. 620, 1889. 

* Tht EleeMelim, xxvl. 699, 1891. 
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Hoiisinan.' From tlie ktter'a paper are taken FigB. 495 and 
49<j. wiiich »lio\v the metlii>d adopted by both the«e engineers. 
The method is Its follows :— Let the (ield-mugnet besepamtelj 
excited to n coiifstaiit value. Then measure the cuiTeiita 
required to run tlie armatme as a motor with no load at 
different speeds, by using different volta. The results when 
plotted out as a curve give a gtraight line A B, Fig. 495 cut- 
ting tlie axis of current above the origin. A horizontal line, 
Fia.486. 
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Separation of Losses m Dyhaho. 

A D, through A, divides the ordinates, such as C B, into two 
parts ; one U D, which represents the losses that are propop- 
tioiml to speed ; and another D B which represents those that 
are proi>ortional to the square of the speed. To separate fric- 
tion of betirings and brushes, the armature should be coupled 
direct to another similar muchine, the latter running without 
excitation of magnets, when the increase of cuiTent needed to 
drive will give a measure of fiictional loss, and fronr this the 
lines E F and G H may be plotted out. If a second set o£ 
observations are made with a field of different stiength, a 
second line A' B' will be obtained, which will be above or 
below A B, ivccording to whether tJie change of field has 
' Tbr. Blfflririan, xstI. 700, 1801 | also Journ. Inxt. Blretrleal Siy^ 
neers, ]<x. UOb, 18111. 
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increased or diminished the total losses. The minimum total 
loss usually occurs with an excitation that makes B in the 
armature about 15,000 or 16,000 ; for when the excitation 
is pushed further, not only does hysteresis become much 
greater, but the eddy-cnrrents in shaft and pulley, due to the 
leakage of magnetic lines, are greater. If the curve A B 
Fio. 496. 




curves upwai-ds at the higher values, it shows that the eddy- 
currents in the armature are producing perceptible demagnetr 
ization. In Fig. 496 the values plotted have been changed 
from electrical to mechanical values, 80 as to permit of a 
single scale being used for experiments with various degrees 
of excitation. 

Mr. Kapp has communicated to the author a method of 
testing which permits the commercial or nett efficiency to be 
determined electrically with far higher accuracy than is pos- 
eible with any mechanical dynamometer. It requires two 
machioea of nearly equal power, one to run as generator, the 
other as motor, together with a small auxiliaiy machine of 
normal voltage, to which the other two are coupled in jmrallel. 
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If the machine to be tested is called A, atid its fellow B, we 
may call the small dynamo C. The armatures of A and B 
must also be coupled tc^Uier mechanically, (uid the field oE 
B must be weakened by use of a rheostat, so that it may run 
as a motor. C gives the current necessary for exciting and 
for making up the difference between the currents in A and 
B. Insei-t an amperemeter from one bmsh of A to one of 
B, to measure the curi'ent flowing from one to the other, and 
let two readings be taken when the current from C U intro- 
duced fast at the terminals of A, thea at those of B. The 
volts are the same in each case. Hence the ratio of the two 
currents is the efficiency of the combination of the two 
machines ; and the square-root of the ratio of the two read- 
ings m the efficiency of either machine. 

An elaborate arrangement of speed-cones f ordynamo testtug. de* 
signed by Prof. Ayrton, is described in 7ndu«fri«s, June 22, 1888. 
For detailed account of tests on dynamos the reader is referred 
to the following sources : — Report of Committee of F^nklin In- 
stitution, 1878 ; Crystal Palace Exhibition 1882, Report, by 
Lieut. F. J. Sprague, United States Commissioner; also see the 
Inaugural Address of Prof.W, G. Adams in JburtiaiSoc. Telegr.- 
Engin.andElectr., 1884; Thesisof J. W. Howell on tests made 
at Stevens Institute, reprinted in a volume on Incandescent 
Electric Lighting, published New York, 1883, by Messrs. Van 
Nostrand; Official Report 6f Munich. Electric Exhibition, 1882; 
also the tests made by Messrs. Alabaster, Gatehouse and Co., re- 
ported in Engineering, May 2, 1884, and Electrical Rei>ieu\ April 
26, 1884; also TJfport of Jurors, Cincinnati Industrial Exposi- 
tion, 1883; also Prof.W. G. Adams' Inaugural Address. Journal 
of Society of Telegraph- Engineerr and ElectricianK, ziv. 4, 1885 ; 
^so Reports of Electrical Exhibition at Philadelphia 1884, pub- 
lished in Joumai of the Franklin Institution, 1884, tests of arc- 
lighting dynamo at Melbourne Exhibition, by R. L. Murray, 
Journal Institution Electrical Engineers, xviii,, 1889; tests of 
dynamos (Desroziers, Edison, Gramme. &c.) at Paris Exhibition 
of 1889, by A. Minet, /«a Lumiere Electrique, xxxv., 1889 ; tests 
on Stanley Arc Alternator by Duncan and Hassen, The Electri- 
cian, xxvi., Jan. 1891 ; tests of a Goolden dynamo and Willans 
engine, separating the losses, ib. xxvi. 36, ISBO; tests of a Wen- 
stronL dynamo, separating the lossee, by Duncan. Electrical Re- 
view, xzvi. 116, Jan. 1890; papers on Causes of Losses, by Hum- 
mel, in Elektrotechniache Zeitschrift, viii., 1887, and xii. 1891. 
At the Frankfort Exhibition of 1891, very careful teeta wero 
made of numerous machines under very favourable conditioiu. 
None of the results of these t«8ta are yet available down to the 
hour of going to press. 
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CHAPTER XXIX. 

MANAGEMENT OF DYNAMOS. 

This chapter is devoted to three topics : — (1) The coupling 
of two or more dynamos ; (2) General instructions in uue of 
dynamos ; (3) The diseases of dynamos. 

On Cocplino Two or More Dynamos im One Circcit. 

It is sometimes iiefKiful to coiiplo two or more dynamos to- 
gether so that they may supply to a circuit a lai^er quantity of 
electric energy than either could do singly. Thus it may occur 
that two dynamos, neither of which can safely carry a greater 
current than 1000 amperes, are required to supply jointly a 2000- 
ampere-current : or two machines, eeich of which can run at 60 
volta, are required to furnish on electromotive- force of 120 volts. 
Simple as these cases may seem, it is not so easy to carry them 
out, because it depends upon the constniction of the machine, 
and especially upon the mode of excitation of the field -magnets, 
whether tliey can be coupled together without interfering with, 
each othei''s running. For it may, and does, occur that if not 
rightly arranged, one machine will absorb energy from the other 
and be driven as a motor instead of adding anything to theenergy 
of the circuit. 

Coupling MackitKS in Series. — Series-wound dynamos may be 
united in series with one another for the purpose of doubling the 
electromotive- force. Thus two Brush machinen, e^ch working 
at 10 amperes, and each capable of working 6 arc-lamps, may bo 
joined in one circuit with 12 arc-tamps in series. The only need- 
ful precaution is to see that the + terminal of one machine is 
joined to the - terminal of tho other, precisely as with cells of 
a battery. Shunt- wound dynamos may also he coupled in series, 
though the arrangement is not good tniletis the two shunt coils 
are (Uso put in series with one another, no as to form one long 
shunt across the circuit. Compound -wound dynamos may be 
connected in series with one another, provided the shunt parta 
of the two are connected as a single shunt, which may extend 
simply across the two armatures (double -short-shunt), or maybe 
a filuiot to the external circuit (double long-shunt), or may be a 
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mixture of long and short shimt. The same considerations apply 
to more than two machines. The coupling of alternate-current 
dynamos is considered in Chapter XXII. 

Coupling Dynamos in Parallel. — Two seriea dynamos cannot 
be coupled in parallel in a circuit without a slight re-arrange- 
ment, otherwise they interfere. For, suppose one of them to fall 
a little in speed, eo that the electromotive- force of one machine 
is higher than that of the other machine with which it i; in 
parallel, the machine having the higher electromotive-force will 
then drive a current in the wrong direction through the other 
machine, reversing the polarity of its field magnets and driving 
it as a motor. To obviate this. Gramme made the su^estion 
that the machines should be coupled in 
no. 407. parallel at the brushes as well as at the 

y~^ Bi A I* T '*''™">*''^- T^^^ is shown in Fig. 497, 
C^ A'V^ ftQQQ/ ^ ' The terrainalB T^ T, of one machine are 
^— ^ ; respectively joined to T, T, of the 

yf — ^ I second machine, and a third wire joins 

f*\ ^'jfeOft P Q^ ''»B,withB,. If both machines are doing 
^'~'^ precisely equal work, there will be no 

current through the wire B, B,. If 

.J either machine falls behind, part of the 

CoTTPUNO OF Two Series current from the other machine xviU 
Dynamos is Parallel, flow through B, B, and help to main- 
tain the excitement of the magnets of 
tfaeweaker machine. This effectually prevents reversals. 

In the case of shunt machines there is no great difficulty in 
running them in parallel, aa indeed is done on a large scale every 
day in centrallightingstations. Thechief precaution tobetaken 
is that, whenever an additional dynamo has to be switched into 
circuit, its field must be turned on, and it must be run at full 
speed before its armature is switched into connexion with the 
mains, otherwise the current from the mains will flow back 
through it and overpower the driving force.. Another method 
of coupling two series machines is to cause each to excite the 
other's field magnetism. This equalizes the work between the 
two machines. 
Coupling of Compound Dynamaa in Parailel Circuit. — Inwork- 

1 See Burstyn, In the ZHlKohrift fur arujemandtfn ElektridtaUMire, 
1881, p. aJO, also SehoUen (2nd EJition), p. 717; Ledeboer, in La Lumifre 
Eleclrique, xxvl. 210, 1887; Meylaii, In La Lumiere EUetrique, ixvi, 370, 
1S87; and Feiissner, In ZfiUcltrl/t fiir Elekfroteclinik (1887), 106. Seealso 
Uiespecial mode devised by S.S. Wheeler, U. S. Patent, No. »35,Oie of 1886. 
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Ing compound dynamo machines in parallel circuit, some diffi- 
culty has been found, because if for any reason the current from 
any one machine increases the exaltation of the field strength in 
Buch a case, due to the increase of the current traversing the 
series circuit, raises the electromotive- force of the machine, and 
causes it not only to do more than its due share of the work, 
but even to send a hack current through the machine which is 
connected with it, which on account of its reduced electromotive- 
force becomes merely a part of the external circuit of the more 
powerful genei-ator. There is no doubt that such an action may 
take place ; and if unavoidable would render compound dynamos 
unsuitable for employment in many situations where their self- 
r^ulating powers must render them very useful. Mr. Mordey 
first pointed out that the difficulty might be overcome by coq- 
Fia. 498. 




CocpLiMO OF Two Compound Dynahos in Pi 



necting the parallel machines in such a way that not only are the 
shunt portions of the field magnets in parallel circuit, but the 
aeries circuits of the field magnets are also a shunt on one an- 
other; in other words, by connecting the brushes, as well as the 
terminals, in parallel circuit, precisely as Gramme has done for 
series-wound machines. This mode of connexion is shown by the 
accompanying diagram {Fig. 4QS). 
A] Ag are the armatures of two compound dynamos, T, T, and 
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Tg T, are the terminals ; the wire Bi 6, acting in conjunctioQ 
■with the lead T, T, on the left, pute the armaturee in parallel. 
When compound dynamos are connected inthiflway,>theywork 
quite Batisfactorily, and exerciBe a considerable power of mutual 
adjustment. No necessity exists for driving by clutch or other 
positive connexion, ordinary belt driving being quita admissible, 
even when the belts have different percentages of slip — as may 
happen when they are not alike in tightness or character. 

This mutual adjustment extends also to thecose of slightdiSer- 
cnces in the sizes of the driving or driven pulleys where a single 
steam-engine or other motor is driving both or all of the machines, 
as well as to the case of separate engines being employed to drive 
B^mrate machines. Of course the power of mutual adjustment 
XHust not be unduly strained by trusting to it to remedy inequal- 
ities of a serious nature. 

The rationale of this adjustment is very simple. Taking the 
case of two exactly similar compound dynamos, coniiect«d ns 
described above, it will be evident that as the shunt fields as 
well as the series fields are similar, and are respectively in 
parallel circuit, the strength of the magnetic fields in the two 
dynamos will be alike. Then at the same speed their electro- 
motive-forces will be equal, and they will absorb power equally, 
and will do equal work. But if from any cause one of them 
begin ever so slightly to lag behind the other in speed, its elec- 
tromotive-force will become slightly lower, and it will absorb 
proportionately less power. The power being thus unequally 
distributed, the slow machine will tend to race, while the fast 
one will tend to slow down. In this way the two dynamos will 
exercise a continual mutual adjustment, resulting in an equal 
divisiiin of the work between them. 

And not only does this control exist with similar compound 
dynamos, but it may be relied on when the dynamos are unlike 
in size, power, and speed. 

For instance, large and powerful machines may be worked in 
parallel circuit with emaller machines of various power, and 
each will do its proper share of the work. 

In such a case, however, it is necessary to observe an addi- 
tional precaution. Not only should the various dynamos b& 
connected together, and to the external circuit, according to th© 
plan described al>ove, but such a proportion should be observed 
between the resistances of the series coils of the various con- 

1 Tlie melhoil propoiod by M. Lcdehoer in La LumHre Eleetriquc. xsvL. 
210, 1SS7, la practically identical with the above. 
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nected machines that with the varying resistance of the external 
circuit the fall of potential in all the eeries coila may he similar. 
This IB the case when the reepective reBistances of the series coils 
are inversely proportional to the full (or any equal proportion of 
the full) current intended to bo generated by each dynamo. 

When the resistances of the series fields of the parallel dyna- 
mos arwthus inversely proportional to their currents, they will 
iwork satisfactwily in parallel circuit, and will possess the desired 
power of adjustment under any circumstances likely to arise in 
practice where ordinary care and skill are exercised. 

The exumination of the subject does not, of course, cover all 
the details of the actions connected with the working of com- 
pound dynamos in parallel circuit. A fuller inquiry reveals a 
theoretical necessity for giving an exactly similar formation to 
the characteristic curves of all the connected machines. For 
practical purposes, however, the foregoing precautions will 
generally be found sufBcient, 

A method of connecting the machines, differing from''the 
above, has been suggested. It is very similar to that which haa 
been used, as mentioned above, withOranune dynamos, consist- 
ing in employing the current of one machine A to excite the 
fields of a second machine B, while the current of B in turn is 
made to magnetize the fields of A. This is a perfectly practicable 
plan. With compound dynamos the series coils will alone require 
tobeoperated. in this way. But there are some objections to 
such an arrai^ement. It can only be used when the dynamos 
are exact copies of each other, and is therefore out of the ques- 
tion when it is desired to utilize machines of various sizes and 
speeds to operate one circuit. Another objection is that with 
such a method it is always necessary to have at least two 
machines working, even when one is sufiScient or more than 
sufficient for the requirements of the moment. In such a case, 
Trfaen it may he desired to use one machine only, an arrangement 
of switches, alwaysmore or lessunsatisfactory, must be adopted ; 
while the making of the involved change could m/fircely be 
effected, while the machines were working, without cauHing 
some interruption to the external current— an event, however 
momentary, to be carefully avoided in practical work. Again, 
an accident to one machine would incapacitate not only that 
machine, but also the second one which relied on the former for 
its field excitation. 

The plan suggested by Mr. Mordey appears the more satisfac- 
tory one, and may be used in a lighting station, or in any situa- 
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tion where the varying requirements of the circuit render it 
desirable to bring additional machines into operation as the work 
increases, and to disconnect them from the mains as the demuid 
for current falls off. To accomplish this the following arrange- 
ments and order of operationsshould be observed. The dynamos 
should each be furnished (see Fig. 496) with a switch a in the 
shunt circuit ; they should each have also a switch m in their 
main circuit between the armature part and the point where the 
shunt circuit joins on, so that the armature part may be inter- 
rupted without interrupting the shunt circuit. The connecting 
wire from brush to brush, which should be at least as thick as 
the mains, should also be furnished with a switch z. Suppose 
dynamo No. 1 is at work alone, its two switches, a^m', will bo 
closed. If, now, dynamo No. 2 is to be thrown in, the following 
order must be observed. First get up the speed of No. 2 to its 
full value, then close »„ then z; this will fully excite its mag- 
netism ; lastly, close tn,. When No. 2 has to be thrown out of 
circuit the order must be exactly reversed : first open m, : then 
z ; then e' ; lastly, alow down the machine. A special combina- 
tion-switch, which will perform these successive operations in 
their proper order, is desirable. 

The coupling of alternators has been specially considered in 
Chapter XXIII. 

OkNERAL iNBTECCnOHS IN VSS OP DTNAHOe. 

Poaition of Dynamo. — The place chosen should be dry, free 
from dust, and preferably where a cool current of air can ba 
had. It should allow a sufficient room for a belt of proper 
length, unless the dynamo is direct-driven. 

foundations. — It is most important to secure good foundaticxis 
for every dynamo ; and if the dynamo is direct-driven, but is 
not on the same bed-plate as the engine, a foundation largo 
enough for both together should bo laid down. Stone or concrete 
may be used, or brick built with cement, having a large thick 
stone bedded at the top. For small dynamos the holding-down 
bolts may be set with lead or sulphur in holes in the stone top ; 
but for large dynamos the bolts should be long enough to pass 
right down to the bottom, where they should be secured into 
iron plates built in. If long holes arc left in the foundations for 
the holding-down bolts, they should be filled in with thin cement 
after the latter have been put in place. 

Sliding Rails. — All belt-driven dynamos ought to be provided 
■with tightening gear to take up the slack. If the dynamo is not 
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provided with slidii^; rails under its bed-plate and tightemng 
screws, the lees desirable method of employing a tenting pulley, 
as in Plate XX., may be used. In any case the bed for dynamo 
must be quite level, and the shaft set properly parallel with the 
driving pulley. 

Before Starting. — Examine the dynamo before it issetrunning 
for the first time. Eemove caps of bearings and clean them and 
the journals. Replace them, but do not screw up too tightly. 
See that lubricators are filled, and the drip property adjusted. 
Use copper oil-cans. Turn the armature round by hand to see that 
nothing catches, and no loose wires or waste are adhering to it. 
Clean up the commutator with the finest emery cloth, and note 
carefully that no dirt or copper-dust is lodged between the bars 
of the commutator. A stiff diy hog-brush will be useful here. 
See that the brush-holders work rightly, and that the hold-oft 
catcbes.'if any, are in order. See that each brush is properly 
trimmed (i. e. filed off at the proper bevel at tho ends. Some 
makers provide a special t«ol to guide the fileat the proper angle). 
Adjust the brushes, first, by clamping them very firmly in their 
holders, so that they protrude to the proper length. (For this 
purpose many makers provide each holder with a pointer, as at 
P on Plate III). Adjust them, secondly, so that they bear with 
a moderate but firm pressure on the commutator. See, thirdly, 
that when so pressing, they bear in the right positions. For 
two-pole dynamos the brushes should bear on precisely opposite 
bars of the commutator. For four-pole dynamos they bear on 
bars that are a quarter of the circumference apart. (It is cus- 
tomary for makers to mark two of the commutator bars with a 
centre-punch so that this adjustment may bo verified). Then, 
having verified these adjustments, raise the brushes out of con- 
tact until they have started running. Wherever a single dyna- 
mo is driven from an engine it is well that the brushes should 
be only lowered after starting running, and raised before stop- 
ping running, so as to avoid all chance of the brushes being 
spoiled by the dynamo turning in the wrong direction. But the 
current should always be turned off before a brush is raised, 
otherwise a destructive spark will spoil the commutator. 

The brushes being adjusted and lubricators filled, see that the 
connexions are right, theterminalstightly screwed down. Then 
begin running with brushes raised out of contact andmain-switch 
open just to see that all is right mechanically, and that the bear- 
ings do not heat. Then let down the brushes. If the machine 
is shunt- wotmd it will at once excite itself, though the main- 
El 
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Bwitch is still open. If the dyndmo is for supplying glow-lamps, 
<lo]iot on any account turn on the main-snitch until you see 
'whether the machine is giving the right volts, or you may ruin 
All your lamps. For if the speed is too big)i, the volts may be 
too high. A pilot lamp or a voltmeter will tell you if all is right. 
Then, before yuu turn on the main-switch, observe the brushes 
to see if there ia any sparking. If there is any sign of sparks, 
rock the brushes forward or backward till a sparklees place is 
found. Notimtil then should the main switch be turned and the 
lamps lit. 

Daily Attention. — Beside daily lubrication, attention must be 
given to the hruBhes to see if they require to be fed forward or 
trimmed. The commutator should not be oiled, but only wiped 
with an oily rag or a piece of cotton cloth (not waste) smeared 
with vaseline. (This reservation do«« not apply to arc-light dy- 
namos with specif commutators with wide air-gaps like those of 
the Thomson -Houston machine, which may be oiled freely.) If 
the dynamo ia driven from heavy shafting, so that there is no 
risk of turning backwards at starting or stopping, then the 
brushes may always be left down on the commutator. Many 
dynamos will spark at full load unless the brushes are rocked 
forward beyond the point that gave sparklees running on open 
circuit. Sparklees running is a vital matter if the commutator 
isto l£st long. The attendant camiot be too strongly impressed 
with the necessity of proper care on this matter, A well- 
designed modem dynamo, if properly attended to, will soon 
acquire a beautiful dark-polished surface on its commutator. 
But the commutator, even of a good machine, may be ruined in 
a few hours by careless or ignorant handling. If the brushes 
press too heavily, it will become scored or ploughed up. If th^ 
press too lightly, or if there is vibration that causes them to jump, 
or if they are allowed to «park, the commutator will be worn 
away in patches at the edges of some of the bars, and lose its 
cylindricity of outline. The only remedy in this case is to care- 
tuVy turn it or file it down true ; and this should occur very 
rarely. 

PisEiiaEs OF Dynamos. 

At least four-fifths of the mishaps and break-downs that occur 
with dynamos arise from causes moi-o strictly within the province 
of the engineer than in that of tlie electrician. On the other 

> Spc pa;)er by Ihe author in TIip Elrrtyirlm. xn. fi2, 1887; see also arti- 
cles in Kle-:lr»tevhmKeh,: Z<-it"-l,r{rt, si. 180, ISH'l; ElrctriccU World, xiv. 
DO, ItU, aii<] xviii. StTI, \m\. 
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hand, many of the mechanical faults that develop themselves in 
the machine might have been avoided had the engineer been 
possessed of a better knowledge of the electric and magnetic con- 
ditions which obtain in tbe running of the machine. It is not 
often nowadays that armatures &y to pieces. That disaster has 
seldom occurred siace good engineers took in hand the construe- 
tion of dynamos. The points which it is difficult for the ordinary 
engineer to grasp are the circumstance that it is on the copper 
conductors rather than on the iron core that the drag and stress 
of the magnetic field is exerted, and the necessity throughout of 
preserving proper insulation. All iasulation being mechanically 
bad, he is apt, in attempting to give mechanical stretch, to use 
the insulatii^ materials in some way that vitiates their adequacy. 
For want of full electrical information he may apply the insula- 
tion in an erroneous manner and produce a dynamo which wUl 
break down under the severe conditions of Eictual work. 

Suming-out of Armatures. — Single coils of an armature 
sometimes get heated to redness and bum the insulation. Some- 
times a whole armature will become overheated, producing a 
general charring. The latter case happens more often to the 
armatures of motors than to those of dynamos. For if any ex- 
cessive current is drawn by accident from a dynamo, the torque 
on the armature will generally become so great as to throw 
off the belt or pull up the engine. Whereas, with a motor, if 
the armature is jammed so that it cannot turn, an enormous 
current will continue to flow through it if the supply be not cut 
off. The burning of a single coil or section of the winding is 
sometimes due to short-circuiting at the commutator between 
two adjacent bars ; but more often it is due to short-circuiting 
in the armature itself. In drum armatures, and in those forms 
of ring armatiure which are so connected that the windings cross 
over one another, this evil may occur in consequence of the 
almision of the insulation. In the old wire-wound di-um arma- 
tures short-circuits were frequent, from the overwrapping of 
the ends of coils of widely -different potentials. Short-circuit 
bptweeu an imperfectly instdatfd wire and the iron core beneath 
it isagaina fruitful source of trouble. Not thatany oii«such con- 
tact can of itself produce any effect : but that if there is one such 
contact, then, if a fault occurs anywhere in the lamp circuit, 
there will at once Ihs developed a serious leak through earth. 
Also the rfek of shuck to persons casually touching any pai-t of 
the circuit is greater if there is any single fault in the dynamo. 
Tome firms — chiefly American' — prescribe that the dynamo 

• The liglitDing arresters ired on many dynamos in tlie States are them- 
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frame itself should be insulftted from the ground. This is an 
abaurdity for an^ dynamoe except those 'working at high volt- 
age. The author's experience leads him, on the other hand, to 
prescribe that the framework of the dynamo ehould, on the con- 
trary, he carefully connected to earth. If this ia done, the risk 
of accident to attendants — which is ccmsiderable in the case of 
high- voltage machines insulated from their bed — is reduced to a 
minimum. A contact between an armature conductor an<l the 
iron core may occur because of the iron Icmin^ becoming loose 
and wearing through the layers of insulation. It the insulation 
ifl not waterproof and has got wet, it may break down when the 
machine is run. Sometimes armatures ore destroyed by the 
burning of the insulation, by the overheating, not of the conduc- 
tors, but of the iron core. In such cases either the core has not 
been properly laminated, or else the insulation between the core- 
discs is defective. The burning of binding wires, whick 
occasionally occurp, is due to want of compliance with the sufB- 
cient and necessary electrical conditions. Mica alone, in slips, 
under the binding wires is insufficient, as it is apt to be slowly 
ground to powder. It should be placed between strips of some 
other material, such as vulcanized fibre, as a mechanical 
backing. 

Being pieces of running machinery, dynamos are liable, as all 
engines are, to beating of bearings, if proper attention is not 
paid to lubrication and to the avoidance of needless dirt. 

Fracture of Connexions. — This most annoying fault — the 
fra<^ture of the connecting pieces which lead dowTi from the 
armature conductors to the bars of the conunutator— appears to 
be partly mechanical and partly electrical. These connecting' 
pieces pass through a partial magnetic field, and they carry at 
times strong currents, which ai-e reversed twice in each revolu- 
tion. Hence they are each racked by lateral forces as they 
rotate, and this incessantly repeated breaks them off at last; 
Tlie cure is either to make them mechanically very strong, or of 
stranded material, or to arrange that they shall lie outside the 
waste field. 

Diftconnexione in Armattire.— Sometimes a. disconnexion occurs 
where tho armature conductors or windings are coupled up or 
coimected down to the commutator. The evidence of this is (i> 
a sparking that cannot bo stopped by rocking the brushes for- 

selvea n source of mislia;w. If the ilyiiaiuo frame is properly earthiil there 
la no nii!(l of a liglilrmiy arrestir on tlio djiiamo. EfBclcnt lightning- 
arrcsbprs aliould be fixed outside the dynamo-house where the overhesd chv 
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ward or backward, and (ii) one or more of tlie bars of the com* 
mutator appearing as if buraed at the edge. One way ' of find- 
ing the location of micb a fault is to run the dynamos on open 
circuit, that is to eay, with the brushes down, but no lamps on. 
Then after a few minutes' run etop the machine and see if any of 
the joints of the connectors are hot ; this will indicate a partial 
disconnexion. If any entire coil is found to be hot, that is evi- 
dence not of a disconnexion, but of a short-circuit. 

Flats in th& Commutator. — Occasionally one of the commuta- 
tor segments will become burned away or worn down to a lower 
level than the rest, or two adjacent bars may be similarly af- 
fected, causing a flat part on the cylindriccd surface. Yarious 
suggestions have been offered to explain the origin of flats. If 
one of the bars was of unusually soft copper it might wear away 
faster ; but the occurrence is unlikely. A partial disconnexion 
in the armature at the part connected to the particular bar of 
the commutator will give rise to a spark here at every half- 
revolution, so biting away this bar. Flats have been noticed 
also to spread along the bar from a flaw at one spot. 

Another undoubted cause of flats is a mechanically weak or 
defective means of driving. If an armature, attached by a three- 
legged spider, is mounted on a weak shaft that bends, it ia possi- 
ble that periodic vibrations may occur which will cause the 
brushes to jump and set up sparks at deflnite points around the 
commutator. With well-constructed armatures, well-balanced 
and running without vibration, there is little fear of fiats if the 
pressure of the brushes is sufficient. Whenever a bar of the 
commutator shows signs of burning along its edge, steps should 
at once be taken to prevent the development of a flat. A fine 
file should be applied to gmooth the surface of the commutator 
in the neighbourhood of the threatened spot. Or, if need be, 
the commutator should be verj- slightly turned down. A nar- 
row tool should be used for this purposo, so as not to drag the 
copper, and the surface Bhould bo polished with very fine emery 
cloth and examined to sea that at no Bpot has the thin strip of 
mica been bridged over by a burr at tho edL^o of any of the bars. 

Faults in Field-magnet Coi73.— Soinetinica faults occur in 

> Another Wfty, applicable only to ilrum aniaturcs, is ilue to I.,oomli 
[Electrical Bnyineer, Xew York, Decpnilier IRII), and consists in liuliling 
the ■mature by hand and slowly turning it round against tliu torque wliile 
anppllfd with a current from some external sourpp. If a position ia found 
where It la easier to tnm, It Is clear tbat in tliis position the disconnexion 
■topt part of the current, so that tlia fault can at otice be found by IrncinB 
the connectors which run from those bars of the commutator which are at 
the bmabes In this position. 
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field-magnet coils. These may be of two kinds— discoimexioTis 
or Hhort-circuits. When there ia a discuimexion the machine 
will probably refuse to excite itself. To make Bure, the suspected 
coil should be discounected at the enda and tested. A cell of 
Leclanche battery and a Bimple detector galvanometer, or, fail- 
ing tliifi, a common electric bell will suffice to prove whether the 
Tire ia continuous. If the frames on which the coils are wound 
are loose, the resulting vibration may cause the leading-out ends 
of the wires to snap, perhaps at some point below the surface 
which can only be reached by unwinding the coil. A short-cir- 
cuit between any two of the windings will have the effect ot 
keeping the short'circuited part cool whilst the rest of the coils 
are hot. In a, shunt coil, short-circuiting some of the windings 
causes the rest to overheat dangerously. A shortKrircuit may 
arise between the frames or cores and the coils, and may bo nlao 
tested for by electric hell or detector as above. If there is a 
single contact fault of this sort between coils and iron-work in the 
fleld-magnet, then a. single fault at any other point — armature, 
commutator, brushes, terminals, or circuit— may work dire dis- 
aster. Once the author was confronted by a curious double fault 
which for some time defied detection. In a small Brush ore- 
light dynamo two single faults occurred at the screws which fixed 
the iron support thnt held the rocker for one of the pairaof 
brushes, with the result that two of the tour pairs of coils on the 
armature were short-circuited, 

Favlta of AUematora. — Alternators are liable to faults of 
specL-J hindif. Sometimctt tliey show a regular pulsating flicker, 
timed exactly to tho revolutions of tho armature. This can only 
be duo to some double inequality. If one pair of poles of the 
field-magnet is weaker than the rest, and one of the armature 
coils is defective, then when these come together in position once 
in each revolution tho current may show a momentary drop. 
Alternators are usually made for high voltage, and are therefore 
liable to faults of insulation that might not occur in low-voltage 
machines. If the two collecting rings are side by side on the 
shaft, a Hparl;— or rather nrc—may spring over from one to the 
other imless n high projecting washer of ebonite is interposed. 
Tho peculiar racking notion ot the alternating current on the 
armature coils (>^>e p. 6"8| is responsible for many failures in this 
class of machine. 

Ohitcvre Causps of Minhap. — Occasionally it occurs thut a 
dynamo fr.i!!i t > j-ive any current. In all such cases the first 
tliiii,;? t.» fins]M'i-t i; t-i;t n di.-^connexion c£ the circuits has oc- 
curred. All tcrniia:;!:! end coupling screws should be examined. 
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The lacquer under the head of a terminal screw — where no 
lacquer ought to be — may be responsible. Dirt between the 
brushes and their damps, or between the brush-holder and the 
brush-holder rod, may be the cause. A shunt-dynamo will not 
excite its magneto if the main circuit is short-circuited ; and a 
Beries-wDund dynamo will not excite them if the main circuit 
is open. If all other expedients to get the machine to excite 
itself fail, trytheeffectof reversing the connexions that take the 
current from the brushes to the exciting coils. 

Many a mishap has been caused by too free a use of oil, or by 
oil leaking over from the bearings to the commutator or getting 
into the armature. Oil is apt to spoil the insulating materials 
by rotting the vamish, and affording a lodgment for dirt and for 
the fine copper dust that flies from the brushE«. Also, if oil geta 
to the commutator it will char under the brushes, forming a 
carbonaceous film between the commutator bars, inviting a 
short-circuit. This fault is Ims likely to occur when mica-iosula- 
tion is used than when asbestos or paper is employed. It has 
been observed that the brushes wear and heat unequally : the 
positive brush wearing faster than the n^ative. But this is 
unimportant. If there is solder on the brushes, care should be 
taken that the soldered part should never be used for contact on 
the commutator ; it will setup flashing sparks. 

VAration and Noise. — Excessive vibration can only be due to 
ivantof proper balance in the armature. Vibrationof akind that 
may, nevertheless, be disastrous to the dynajno, racking its con- 
ductors, pounding its insulation to dust and causing the brushes 
to jump and spark, may be occasioned, even in a well-balanced 
machine, if it is not firmly secured to a proper foundation. 
Continuous-current machines should run practically silently: 
the belt will make far more noise than any part of the dynamo, 
Alternators do not usually run silently, for the coils of all disk 
armatures chum the air between the poles. If the iron cores of 
the armature part are subjected to too severe a cycle of magnet- 
ization they will emit a loud humming sound, which cannot be 
cured except by using the machine at a lower degree of exci- 
tation, being a defect of design. Once the author came across a 
remarkable case of an alternator which emittedasustained howl- 
ing sound of piercing loudness. The cause in this case was the 
accidental coincidence between the number of alternations and the 
natural vibration period of some of the solid iron parts. It was 
cured by re-fltting the iron parts so as to alter the fulcrum irom 
which the parts could vibrate. 
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Electric amd Maombtio Uhits. 

The principal units employed by practical electricians, by inter- 
national agreement, are; — 

The ampere, or unit of current (formerly called the tod)er') ; 

The volt, or unit of electromotive-force. 

The ohm, or unit of electric reeifitance. 

These three practical units are based upon certain abstract 
tmite, derived by mathematical reasoning and experimentally 
proven taws, from the three fundamental units : — 

The centimetre, as unit of length. 

The gramme, as unit of mass. 

The second, as unit of time. 

The system of "absolute units" derived from these is often 
denominated the " CG.S." systemof units' to distinguish it from 
other systems baaed on other fundamental imits. 

Every system of measurement is based upon some experimental 
fact or la>v. We can only meaeiu« an electric current by the 
effects it produces. An electric current can (1) cause a deposi- 
tion of metals from thoir chemical solutions; (2) heat the wire 
that it flows through; (3) attract (or repel) a paralleUieighboiu-- 
ing current ; (4) accumulate aa an electric charge that can repel 
(or attract) a neighbouring charge of electricity ; (5) produce in 
its neighbourhood a magnetic field, that is to Bay, can exert a 
force upon the pole of a magnet placed near it, as, for example 
in galvanometers. Now any one of these effects migrfttAatwbeen 
chosen as a basis for a system of unite of measurement, and all 
of them have been proposed by one authority or another. As a 
matter of fact, the fifth of them is made the basis in the system 
now adopted by international agreement ; and it is the best 
because, firstly, it connects the electrical units with the magnetic 
ones, and, secondly, it is closely connected with the mechanical 

' The reader who iaa.j desire titller information about tUe C-O.S. syiteia 
of unitB is referred to Professor Everett's Uaits and Pk]/»Ual Con«(ant*. 
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units, enabling the mecbanical values of the electrical quantities 
to be readily calculated. 

Taking then the experimental fact that an electric current flow- 
ing in a wire can exert a force upon the pole of a magnet placed 
near it, we have next to define the conditions with the utmost 
precision. It is found by experiment that the force which is 
exerted upon the magnet-pole hy the current depends on several 
other things heiide the strength of the current: the force is pro- 
portional (ctBterU parHma) (1) to the length of the conducting 
wire, (8) to the inverse square of the distance between an ele- 
ment of the wire and the pole, (3) to the strength of themagnet- 
pole. To be very precise then we ought to take (1) a wire one 
unit in length, (2) bent into an arc of unit radius so that each 
element of the wire is at unit distance from the pole, (3) and 
take a magnetic pole of one unit strength. If these things 
were done, and there was made to flow through the wire a 
current so strong that it act«d on the pole with one unit of 
force, then a current of such a strength might be taken as a 
standard of comparison; for a current that was twice as strong 
would exert two units of force on the pole, and so forth. Butin 
order to be exact we have yet to define what is meant by " one 
unit of force" and "a magnet-pole of one unit of strength." 
Here again we have to go to experimental facts, and choose such 
as will best suit for the purpose of making a consistent system 
of units. 

A force must he measured by one of its effects, such, for ex- 
ample, as these: that it can (1) raise a given mass against the 
downward pull of the earth; (2) elongate a spring; (3) impart 
motion to a given mass, or in other words accelerate it. The first 
of these, which would seem the most natural to select, is rejected 
because the downward pull of the earth is different at different 
places, the second because it would acquire awkward definitions 
of the elastic properties of springs. So the third is chosen, and 
to make the definition precise, it must be remembered that exper- 
iment proves that the velocity of motion which a force imparts 
to a mass is proportional (1) to the force, (2) to the time during 
which it is apphed, (3) inversely to the mass acted upon. If 
flherefore, one could get such a force that, if it lasted one second 
and was made to act on one gramme, it imparted to that mass a 
velocity of one centimetre per second, then such a force ought to 
be called the unit of force. This xmit has received the name of 
* ' one dyne. " It may be remarked that the downward pull of the 
earUi on a mass of one gramme is sufflcient to give it at the end 
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of one Becond a velocity of about 32 feet per second , or, more 
exactly, 981 centimetrefl per second (in the latitude of London) ; 
hence it is clear that the pull of the earth on one gramme (what 
is commonly called the gramme's weight) is equal (at London) to 
981 dynes. The pull of the earth on a pound (commonly called 
the pound's weight) is 444,971 dynes (at London). A pound at 
the Pole would weigh 445,879, and at the Equator only 443,611 
dynes. One dyne is a pull equal to 00157, or*ahout A of the 
weight of a grain (at London). Now, as to the unit strength of 
the magnet-pole or unit of magnetism: a magnet-pole can (1) lift 
a piece of iron ; (8) repel (or attract) another magnet-pole at a 
distance. The first of these two effects is rejected as a basis for 
a definitiou of a unit because the load that a magnet-pole will 
lift does not depend only on the amount of magnetism at the pole, 
but on the shape and quality of the piece of iron lifted. Forpre- 
cise definition of the second effect, upon which the definition is 
based, it must be remembered that experiment has shown that 
the repulsion of one magnet^pole by another is proportional (1) 
to the product of the strengths of the two poles, (2) inversely to 
the square of the distance between them. If, therefore, we 
choose two similar and equal poles of just such a strength that 
when placed at unit distance apart they repel each other with 
unit force, then such poles will poBBe«s that amount of magnet- 
ism that ought to be called the unit quantity of magnetism. 

We may now retrace our stepsand build up systematically the 
unite of the C.G.9. system. 

The absolute unit of force ("dyne") is that force which, if it 
acts on one gramme for one second, gives to it a velocity of one 
centimetre per second. 

The unit of magnetism, or unit magnet-pole, is one of such a 
strength that when placed at a distance of one centimetre (in air) 
fi-om a similar pole of equal strength it repels it with a force of 
one dyne. 

The absolute uv it of cn-.'rent is one of such astrength that when 
one centimetre length of ite circuit is bent into an arc of one cen- 
timetre radius, the current in it exerts a force of one dyne on a 
unit magnet- pole placed at the centre. 

The last definition is difficult to realize in practice, and a com- 
plete circle of one centimetre radius is more easy to work with 
than an arc of one centimetre long only. If the radius be more 
than one centimetre and there be more than one turn of wire, aa 
in most tangent galvanometers, then a formula is neceesary. 
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"Writing r for the number of centimetrea of the radius, the length 
of circumference will he equal to 2 »■ r. Then writing 8 for the 
number of turns of wire in the coil, and i for the strength in 
absolute unite of the current, the formula connecting these with 
the force (in dynes) exerted by the current on a unit pole at the 
centre is :^ 

2-rSt f, 

—p J • 

whence 

2 T S t - 



In the case of the tangent galvanometer, the force, instead of 
being measured directly is ascertained indirectly, by knowing 
the value (at the place of observation) of the horizontal compo- 
nent of the magnetic field due to the earth's magnetism, com- 
monly represented by symbol H, and measuring the tangent of 
the deflexion produced on a magnetic needle hung at the centre 
when the coil lies parallel to the magnetic meridian. In this 
case/ = H X t*^ ' ! whence 

?■ ' ^ J = H tan J. 

From this it follows that if S, r, H, and the tangent of deflex- 
ion are known, the strength of the current i will be reckoned by 
making the following calculation : — 
. r n 
* ^ 2TS **" '■ 
(The value of H may be taken as 018 at London, and of the fol- 
lowing values at other places : — Glasgow 017, Boston 017, Mont- 
real 0-147, Niagara 0167, Halifax, N. S., 0159, New York, 
Cleveland, and Chicago 0184, Philadelphia 0194, Washington 
0-20, Berlm 0-178, Paris 0'188, Rome 0-24. San Francisco Q-266, 
New Orleans 0'82, Mexico 0-31, Bombay 0-33.) 

Now, the current that is so strong as to fulfil the above defini' 
tion is far stronger than anything used in telegraphic work, 
being about as great in quantity as the current in an arc-light 
circuit. Accordingly the practical unit of current is fixed at 
one-tenth part of the absolute unit, and it is called "one 
ampere." It follows that the above equation, when t is to be 
given in amperes, must be altered to 
, 10 r H ^ 

It mayfurCher be noted that the current of one ampere 
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strength will cause the deposition in one hour of 1-174 grammefl, 
or 18'116 grains of copper in a copper electrolytic cell. It will 
in 1 hour deposit 4024 grammes, or 60'S8 grains, of sUver in a 
silver cell. The Committee of the Boai^ of Trade ui their Be- 
port of 1691, while adopting as the abstract definition of the 
ampere that given above, also add as a secondary or working 
definition that an unvarying current which, when passed • 
through a solution of nitrate of silver in water (in accordance 
with the specification attached to their Report) , deposits silver at 
the rate of O'OOlllS of a granvme per second, may he taken as a 
cujrent of one ampere. They add that an alternating current of 
one ampere shall mean a current such that the square root of 
the time average of the square of its strength at each instant in 
amperes is unity. This is what is called in this book (see p. 631) 
one " virtual ampere." 

The other electrical units also require definition. The electro- 
.motive- force of a battery, or of a dynamo, is only another name 
for the power which it poeseeseB to drive electricity through a 
circuit. {Formeriy the electromotive- force of a battery was 
called its "intensity" as a distinction from the "quantity" of 
current it would furnish.) It is also sometimes called the elec- 
tric "pressure." As a basis for a unit of electromotive-force 
any one of the following experimental facts might have been 
selected. The electromotive- force is proportional, (1) to the cur- 
rent that it sets up in a circuit of given resistance ; (2) to the 
quantity of electricity that it will force as a charge into a con- 
denser of given capacity ; (3) to the number of lines of magnetic 
force cut per second by a conductor moving in a magnetic field. 
The first of these would do if the unit of resistance were given, 
but it is more convenient to make this fact the basis of definition 
of that unit rather than of the unit of electromotive- force ; the 
second is useful for defining the unit of capacity ; the third ia 
selected for defining the unit of electromotive-force, and is 
extremely appropriate for the purpose, as it is the very princi- 
ple of the dynamo machine. Clearly, that electromotive-force 
ought to be reckoned as of unit value which is produced by the 
motion of a conductor cutting across one line of magnetic force 
in one second. But this involves the preliminary definition of 
the unit line of magnetic force. This is as follows : — ^The so- 
called magnetic lines of force represent by their direction, the 
direction of the resultant magnetic force in the space through 
which they pass : the space traversed by magnetic forces, and 
lines of force being called a magnetic "field." To make the 
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mimber of magnetic lines represent numerically, sa veil as in 
mere direction, the intensity of the magnetic forces, the following 
device ia adopted. B«membering that experiment shows that 
the pull (or push) which a magnetic pole experiences when 
placed in a magnetic field ia proportional to the'intenaity of that 
field, let there be drawn as many lines to the square centimetre 
as there are dynes of force exerted on the unit pole. For 
example, if at any point it was found that the magnetic pull on a 
unit pole was 40 dynee, then at that place we should draw, or imag- 
ine to be drawn, 40 magnetic lines all packed within one square 
centimetre of sectional area. As the eartli's horizontal com- 
ponent at London is only 0.18 (dynes on the unit pole) it follows 
that there would be only 18 lines passing throu^ an area of 100 
square centimetres set up vertically east and west. Returning 
to the definition of electromotive-force, we see that if the mov- 
ing conductor cuts one magnetic line in one second) the electro- 
motive-force generated will be of unit value in this absolute 
C.G.S. system of measurement. But such a unit would be 
ridiculously small — far too small for practical use. Measured in 
such units the electromotive-force of a single Darnell's cell would 
be represented by the enormous number of 110,000,000, and a 
Latimer-Clark standard cell by U3,600,000umts. Hence practi- 
cal electricians adopt, as their working unit, an electromotive- 
force one hundred million times as gre&t as the absolute C.G.S. 
unit ; and they call the practical unit "one volt." Hence the 
definition of "one volt" is that electromotive-force which would 
be generated by a conductor cutting across a hundred million 
(10 ") magnetic lines per second. The electromotive-force of a 
Daniell's celt is about 1-1 volts ; that of Clark's standard cell 1-435 
Volts. The Board of Trade accepts this figure as being within 1 
per cent, of the true value. The appropriate instruments for 
measuring volts is called a volt-tneter. For alternating electro- 
motive-forces, the unit legally recognized by the Board of Trade 
is that called in this book (see p. 631) " virtual volte." 

We come then to the unit of Blectrical reaietanee. It is found 
by experiment that the current which is produced in a circuit by 
applying a given steady electromotive-force depends on the 
resistance offered by the circuit to the flow of electricity, the 
current being less as the resistance is greater, in accordance with 
the famous law discovered by Dr. Ohm. 

Ohm's law, in fact, states that the current is directly propor- 
tional to the electromotive-force that is exerted in, and is in- 
vereely proportional to the resistance of, the circuit. If the 
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symbol E stands for the number of unita of electromotive-force, 
and R for the number of unite of resistance of the circuit, and i 
for the current that results, then Ohm's law will be written : — 



or, the resulting current can be calculated by dividing the num- 
ber of unita of electromotive-force by the number of units of 
resistance. Another way of writing Ohm's law, which is useful 
when it is desired to calculate the electromotive-force that will 
drive any prescribed current through a given resistance, is 



Now suppose we had an electromotive-force equal to one abso* 
lute C.G.S. unit, and we require to produce by its means a cur- 
rent of unit strength as previously defined in the absolute sys- 
tem, it would be requisite to adjust the resistance of the circuit 
to a definite value ; and that value would be extremely small, 
otherwise such a minute electromotive-force could not maintain 
so large a current. Nevertheless this very minute resistance 
would be rightly taken as the unit in the absolute C.G.S. system, 
for then Ohm's law would be numerically fulfilled as 



one unit of resistance 

But as there are already practical units of electromotive-force 
and of current, so there is required a practical unit of resistance 
to correspond. And reflection will show that the practical unit 
must be a thousand million times as great as the absolute unit. 
For then, again. Ohm's law will be fulfilled as 

one hundred mil lion C.G . S- units of electromotive-force 

one thousand million C.G.S. units of resistance 

= one-tenth C.G.S, unit of current. 

The name of one "ohm" is given to this practical unit of re- 
sistance ; and many researches have been made to determine its 
working value. The British Association Committee produced 
standard wire coils, which were long accepted as being exact 
otiTtis, but they are now known to be all slightly too low in. 



by Google 



Appendix A. 815 

In 18S2 the International Ck)ngress fixed upon the 
value of the ohm aa being a reaietance equal to that of a column 
of tnercury one aqitare millimetre in croaa-aection, and lOB cen- 
timetrea long (measured at the freezing-point of water). Accord- 
ing to Lord Bayleigh's most careful measurements, the true ohm 
ought to be, not 106, but 1063 centimetres long. The Report of 
the Committee of the Board of Trade adopts this more exact 
value and makee it the It^al definition of the ohm in Ojeat 
Britain. 

The resistances of wires and cireuite are measured in practice 
by comparing them with certain standard "resistance coils," 
sete of which are often employed arranged in "resistance 
boxes " ; the particular instruments employed in making the 
comparison being of two kinds, namely, the differential galvano- 
meters and the Wheatetone's bridge. For further information 
the reader must refer to the text-books on electric testing. 

A rough and ready idea of the resistance called "one ohm" 
may be obtained by remembering that a mile of ordinary iron 
telegraph line offers from 13^ to 20 ohms resistance. 

Another unit is required by electricians, namely, a unit of 
power, in which to express the quantity of work per second done 
in any electrical resistance. 

To measure the rate at which work is done by a current in a 
wire, or in a lamp, or other thing supplied with electric power, 
we must measure both the amperes of current that are run- 
ning through it, and the volte of electromotive- force that are 
actually applied at that part of the circuit, and having found 
the two numbers we must multiply them together. For just as 
engineers express power mechanically as the number of " foot- 
pounds " expended in a given time, so the electrician expresses 
electric power as the number of "volt-amperes." The more 
convenient name of ' ' one watt " is given to the unit of electric 
power. Calculation shows that one "watt" or "volt-ampere" 
is equal to one seven -hundred-and- forty -sixth part of a horse- 
power. 

As an example of calculation of electric power the following 
may be taken. It was required to ascertain the power expended 
in maintaining a certain arc lamp. The voltmeter showed an 
electric pressure of 57 volts between the terminals of the lamp, 
and the amperemeter showed a current of 105 amperes running 
through it. The product is 5985 watte. Dividing by 746 to 
bring to horse-power, we get 080, or eight-tenths of a horst- 
power. The name kilowatt is given to 1000 watts. One kilo- 
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watt ia slightly more than li horae-power. As a unit of electrio 
enei^y, the legal quantit; recognized by the Board of Trade for 
the purposes of public supply, is that amount of enei^y supplied 
in an hour by a circuit delivering power at the rate of 1000 watta 5 
or, briefly, the Board of Trada unit is one kilowatt hour. 

The unit of self-induction, called by various names, «eeoftin,> 
quad or quadrant, and henry, is a derived unit of modern origin. 
Whenever a current is varying in strength, it will, if carried' 
round a coil, set up magnetic lines which as they alter in number 
act inductively on the convolutions of the conductor, and set up 
induced electromotive-forces which tend to oppose the change iix 
▼alue of the current. The symbol used for a coefficient of self- 
induction is usually L : and beara the meaning that if unit cui^ 
rent were suddenly turned off or on in the circuit in question, 
the resulting amount of cutting of magnetic lines by the convolu-i 
tions of the circuit would have the value L. The practical unit,' 
to correspond with volt, ohm, &c., is taken as 10* CG-.S. units, 
or one ohm second ; or a coil will be said to have as the value ot 
its coefficient one henry (or quadrant, or eecohm.) if, when uniC 
current is turned on in it, the cutting of its own magnetic lines 
which results is as much as if 10* magnetic lines had been eat^. 
cut once by a single convolution. If the rate of change of cup- 
rent at any time be expressed as -^*' then the resulting self -induced 
electromotive-force opposing the change will be : — 



= -L 



dt 



For a given form and volume ot coU, the coefficient of self-' 
induction is proportional to the square of thenumber of convolu- 
tions. The presence of an iron core vastly increases the self- 
inductive eifects, but renders the coefficient of self-induction a 
variable quantity because of the variations in the permeability 
of the core. The instrument devised by Ayrton and Perry for 
measuring coefficients of self-induction is called a aeoAmmeter. 
For further details the reader is referred to treatises on the theory 
of electricity. He should also consult a valiiable article by Mr. 
KenneUy in Electrical World, xvi. 462, 18W, 
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APPENDIX B. , 

On Wires. 

Om p. 422 were given some data respecting the sizes ot wire 
found suitable in practice for winding dynamoe for different 
currents. Otber data are to be found in tlie detailed de8crip> 
tinns of various macliines in other parts of this book. Further, 
on p. 425 were given som^ forniulEe for calculating the weights 
of wire neede(I for magnet coils. The question of heating in 
relation to current-carrying capacity was also treated in Chap- 
ter XV. in some detail. 

A few further points may be added here founded upon infor* 
mation given by wire-makers, and in particular by the London 
Electric Wire Company. 

The usual Insulation for round wires of a greater diameter 
than No.16 S.W.G. is a double cotton covering which increases 
the diameter by amounts varying from 10 to 20 mil.i, but 
which usually avernges 14 mils. For smaller sizes, from No. 
18 to No. 22 S.W.G., the usual double cotton covering is an 
addition of 12 mils. Square wii'e is usually double-cotton cov- 
ered to 20 mils additional, or is sometimes braided. Laminated 
square wire, i. e. made of a number of narrow strips, is usually 
braided to abovit an equal amount. Since stranded wires camu 
in for armature winding, several modes of insulating have been 
adopted, and one maker employs a cable of 37 wires, each No. 
15 S.W.G,, each single-cotton covered ; the whole being double- 
cottou covered to 16 mils additional, or braided to 20 mils. For 
transformer windings at high voltage a frequent practice is to 
wind a much thicker cotton insulation for subsequent immer- 
sion in oil. For example, a No. 'iS S.W.G. wire is cotton cov- 
ered to 40 mils additional, thus nearly doubling the weight of 
the wire. 

Annexed is a table useful in magnet winding, showing the 
probable heating, and greatest permissible depth of winding at 
various ampen^es. It is to be rememljered that 2000 amperes 
per sq. iu. is a common density of current for fleld-nii^ets ; 
whilst armatures run to 3000 or more. 
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Currents, Eddy 74, 05, 340, 353, Sae, 461, 487, 4ftS, 6!«, 702, 

704, 707, 727, 745 
" Foncault'a (gee Eddy). 
" Parasitical <see Eddy). 

Curves of Magnetization 152, 140 

" of Torque 114 

" of Potential at Collector 67, 70, 72, 25» 

" Characteristic 230,245,266,296,293,4.33,577 

Cutting of Magnetic Lines 22, 26, 207, 642, 619, 7» 

Cultriss's Motor. 619 



Dal Neoro's Magneto Machine 8 

" Motor 13, 6W 

Davenport's Motor ,. 18 

Dav Idaon's Motor 18, 55! 

Davis, on Principle of Reversibility Iff 

Dead Points in Motors 705 

" Turns 96,226, 257 

DeHiiItion of Dynamo-machine 1 

Demagnetizing Action of Armature, 80, 01, 02, 255, 285, 412, 418, 436, 685 

" " of Bldy Currents 89, 225,688 

" " of Secondary Current 724 

" •' Expedients ajtainst 93,412,416 

DeMoritens's Alternator 64» 

Density, Permissible, of Curi'ent in Coil 390, 405, 425, 681, 746, 818 

" " of Magnetic Lines in Core... 401,402,422, 651, 730 

Deprez, Marcel, Bralce 78ff 

" " Characteristic Curves 20, 247, 254 

" " Dynamo 198 

" " ExpiTlnients of Tranamiaslon of Power. 10, 769 

" " on Field-magnets 198, 231 

" ' Law of Similars 118- 



ivXtOO^IC 



831 



Deprec, Marcel, on Self-Regulattng Combinations. IS, 66, 58, 299 

" " Motors 594, 817 

'■ " Transmission by Transformers 720 

" " on Cost of the Torque 115 

Depth, E»dia], of Core 401, 421 

" Maximom Permissible of Winding. 819 

Derivation (see Shunt). 

Desceniiing Curves of Magnetization 143 

Design of Dynamos 46, 243, 295, 398, 441 

" of Alternators 650, 6o4 

" of Motor.? 008 

" of Transfnrtners 730 

Desrozlera's Disk Dynamo. 45, 330, 546 

Developed Winding Diagrams 307, 087 

Diacritical Point (see Saturation). 

Diamagnetic Substances 130 

■ Diameter of Commutation 33, 44, 76, 63, 324, 587 

DlHerence of Potential 68, 228 

" Constant. 229,277 

" " " Combtnations for. 280 

Dip of Cluiracteristlc 255, 479 

Discliarge of Magnetism 250, 263, 265 

Discoidal Ring Armatures 42, 343, 355, 421 

Discontinuity of Currents. 38, 214, 222, 474 

" Magnetic 152, 195, 343 ' 

Diseases of Dynamos 88,375,379,474,802 

DUlt Armatures 16,41,45,337,421,644,045 

Dislc Dynamo, Edison's 17,339,340,545 

" " Faraday's 6, 542 

" " Pacinottl's. 16, 337, 545 

" " Fritsche's 44, 339, 547 

" " Dearoilers' 45, 339, 549 

Distortion of Magnetic Field 72, 73, 76, 79, 81, 94, 103, 5H0 

Dobrowolsky, von Dollvo, on Rotatory-fleld Motor 10, 707, 710 

Double Magnetic Circuit, Advantages of. 135, 441 

" " " Calculation of 208 

Drag on Wires carrying Current, 3, 100, 127, 355, 554, 038, 7M 

DreU-strom 19, 087, 710 

Driving, Proper Means for 30, 46, 347, 867, 487, 489, 611 

Driving-horns 113,355,487,480,611,^5 

Drooping Characteristic 256, 479 

Drop-forglngs Used for Commutator 374 

Drum Armatures 16,41, 43,303,818,326,358,360,488, 506,043 

Drying Armature ftiS, 378 

Du Bois, H. G., his Traction Balance 139 

Da HoncfJ, Count II 

Dujardln's Machine 11. 17 
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Dynamo, Nsme of. 

" DeQnItionof. 

" Classlflcation of 

" Oi^uia of. 

" Altemate-cairent (tee Alternators). 

" Open.«oil 4 

Electroplating 9, 357, 382, 463, ( 

" Non-polar. J 

" UnipoUr. t 

" MulUpliase. C 

" Inductor. ( 

" Function of In Arc Lighting 4 

" Arc Lighting 4 

" Diseases of i 

" IPar-leadlng "i 

" Equalizing 'i 

" Management of t 

DrNAMOe of yarious Inventors: — 

AUotli. 331, £ 

Allan 

.Allen {tee Eapp). 

" Alliance" (Alternator) 11, f 

Allgemeine Co. ("A. E.G.") 43, 533, "i 

Alesclan Co 388, 4 

Alteneck (tee Siemens). 

Atkinson { 

Ajrton and Perry E 

Bain 4 

Ball (Unl-pole-piece, Arc) 4 

Blake;, Emmott and Co i 

" " " (Alternator) 386, e 

Bollmann f 

Bradley J 

Brown. , 396, 4 

" (Unipolar) I 

" (ElectromeUllui^) J91, E 

" (Tliree-phasc) * 

Brush 464, S 

Brush Co. (eee Mordey). 

Burgln : 101,1 



Cabella 

ChaniberIMn and Eookbam.. 

Clark 

Clark, Muirhead and Co 

Clarke 

Cooper (»ee Patenon), 
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DyiuuiiiM of variona Inventors-condnueA rum, 

Crompton. 849,865,869,485,639 

Crompton-Burgitt 305, 485 

Crompton-Eapp. '. 48T 

CrompUm-Eyle 369 

Crompton-Swinbume 367 

Da! N^ro. 8 

De Meriiene (Alternator) 642 

Delafleld (Unipolar) , 643 

Deprex, Uarcel ; 193, 4S2 

Desrozlera 45, 339, 540 

Dobrowolsky (nee AUgenielne Co). 

Dujardin (Alternator Inductor) 11, IT 

Edison (Tuning Fork) 17,518 

(Marine) 206 

" (Afultlpolar Ring) : 616 

" (Dmm Arm&ture) 364, 613 

" (Disk Dynamo) 339 

" (Municipal Dynamo) 477 

Edison-Uopkinson 423,518 

Eickemeyer 203, 371 

Elmore 537 

Elplilnatone-Tlncent. , 17, 172 

Elwell-Parker 632,638 

" (Alternator) '. 667 

Ettingsbauaen, von 9 

Esson ( nee Paterson) 

Faraday 1,6,642 

Fanner (see Wallace-Farmer). 

Fein 201,510 

Ferranli (Alternator) 668 

Ferraris, E. (Unipolar) 643 

Rrth 789 

Forbes. 200; 543 

Foster and Anderson (tee Clark, Huirtiead and Co.). 

Fritscbe 822,547 

Fullei^Gramme 43,462 

Ganz {nee ZipernowHky), 

General Eleclric Traction Co. (see Immlscli). 

GooldenamICo 367,893,625 

Gordon (Alternator) 667 

Gramme 15,343,481,637 

" (Alternator) 640 

Greenwood and Batley 630 

OiUcherCo. 602 

Hammerl 470 

Hefnei^Alteneck, von 16,861,545,664 

Helsler (Art Alternator) 686 
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Dynamos of various InTenlors— con Hn tied. turn. 

Hpuley II 

Hjonb 12 

Ho<;hhaU8«n 108, 375, 4S2 

Holmes, F i II, 880, 64r>. 632 

nolmes, J. H., and Co 332, 527 

Hopkinson {nfe EUlaon-Ropklnson). 

Hopklnsou, J, and E 495, 338 

" " (AlUrnator) 082 

Hopkinson and Muirlieail &15 

Hooaton {see Tliomson-Hoiuton). 

Immisch 202,538 

"Iron-clad" 200,606 

Jacob! 9 

Jehl and Rupp 45, MU 

Joel 197,348 

JohnMin and Phllltpa (nee Kapp). 

Jurgenaeu 198 

Kapp. 200,384,487 

" (Alternator) 6M 

Kennedy 200, 202, BOO, 530 

" (Alternator) .-. $42, 6*5, 086 

Kingdon (Inductor) 684 

Ladd 14, 54 

Lahmeyer 1S3, 200, 529 

Laurence, Paris and Scotu 326, 528 

" Leeds " (nee Greenivood). 

Lontin 16, 200, (M4 

Ijorenz {nee. Jiirgensen). 

McTighe 202,406 

Main (Alternator) 0S2 

MaWeren, vaiL U 

" Muncliesier " {nee 3. and E, HopldnMn), 

Mather and Hopkinson 201, 403 

Mordey 467 

" (Alternator) 042, 076 

" (Inductor) 083 

Mulrhcftd [xve Clark). 

Mulrhead and Hopkinson («pp Hopkinson). 

Mnller 7«9 

Mountain (itpp Ernest Scott and Co.). 

Nenton : 479,532 

Nlandet ". . . - 101, 545 

Nollet 11, 646 

Paclnott i 14, W6 

" (Disk) 338,645 



by Google 



Index. 835 

Ojiaaxnoa of varions Inventors — continued, page. 

P*ge 11 

Paria and Scott {aee Laurence). 

Fanons (Alternator) 67fl 

Pateraoft and Cooper 348,402, 538 

(Arc) 4T7 

" " (Alternator) 662 

Perry (see Ayrton and Peny). 

" Flicenix " (see Patereon and Cooper). 

Pixil ; 8 

Pliicker (Unipolar) 542 

Polechko (Wheel) 647 

RaSard-Granune 352, 482 

Bavenahaw (ate Gooldeii). 

Ritchie 8 

Robin 646 

Rubmkorff 54 

Rnpp (aee Jehl). 

Sautter-Lemonnler 4S& 

Sawyer 11,200 

Saxton 0, 544 

Sayers 546 

' ' (Electroplating) 539 

Schorch 202 

Sclmckcrt 528 

Scliurkert-Mordey 204, 497 

Schuyler (Arc) 478 

Scott (tee Paris). 

Scott, Ernest, and Co 528,537, M2 

Siemens (shuttle) 33 

(drum) 861,506 

" (allemator) 664 

(ring) 510 

Slnsieden 61 

Snell (see Iramlsch). 

Sperry (ArcJ 475 

StaSord and Eaves (Electroplating) 5:)8 

Stanley (Alternators) 643, 057, 680 

Sutter (Arc) 202, 478 

Stohrer 544 

Sturgeon 83 

Swan 61 

Swlnbnine 304, 847 

" Taunton " (gee Newton). 

Tesla (Alternators) 637 

Thomson, Elihu (nee Thomson-Houslon). 

Thomson-Houston 5S1 
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Dynamos of varloiu InTentora— continued. faob> 

Tbomsoo-HoiuUiD (Arc) 4M 

" " <Iitcaildeiceiit) 473 

" " (Alternator) 659 

" " (Inductor) 686 

Thonuon, Sir WlUIam (WheeMynuno) 479, 545 

(Alternator) 17, 6411, B«8 

Thury »1, 331, 635 

Trotter (*pe Goolden). * 

" Tyne " (nee Scott, E., »nd Co.), 

Van de Foele 108 

Van Malderen (Alternator) II 

Varley, O. and F 18, 54 

Varley, S. Altred 13,01,642 

"Victoria" (sea Schuckert-Motdey}. 
Vincent (fee Elpblnstone). 

Voice (Unipolar) 648 

Wallace- Farmer 101, M5 

Waterhouie TI4 

Watkln* 8 

Wenatrom : ....: 200,847,636 

Weailnglioiue (see Stanley), 

Weston 848,^5,637 

Wheatatone 0, 11, 13 

Wilde 11,60,64,201,203, 537, 64« 

Winkler 65 

Wodica 817 

Wood's (Arc-light) 476 

Woolricli 9,636 

Zipemowsky (All«mator) 201,644,662 

Dynamometer " 785, 787 

Dynamometric Governing 506 

I^e (unit of force) 810 



Ebohitx {tee Insulating Materials). 

Economic Coefficient 117, 232 

Economy of TransmtBSion 758, 764 

" Law of Maximum 559,568,764 

EddyCmrents 74,89,05,846,357,366,461,487,498, 

608, 681, 698, 702, 704, 707, 727, 739, 745 

" " DenuLgnetizlng Action of 89, 225, 688 

" Heating due to 837, 461, 644, 727 

Ediaon'B Dynamos 17. 618 

" " Armature of 43, 819, 364 
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Edison' ■ Dynutioa, Bnishea of S80, S81 

" '• Field-iuagnets of 19o, 107, 518 

" Municipal DjDamo 4T7 

Editon's Disk Dynamo 330, S45 

'^ Tuning'fork Dynamo IT, 513 

" Claim for Compound-winding 61 

" Begulator 279 

Edison General Co.'s Marine Dynamo 206 

" " " MulHpoiar Dynamo 617 

" Hopkinaon Dynamo 418, 423, 51B 

" " " Design of 182, 413 

" " " Tests on 244 

" " " Leakage of 184 

" " Calculation of 189,412 

Efficiency of Dynamo, gross and nett 116, 232,243, 406,681 

" " Transmission of Power 158, 764 

" " " " Maximum 659,704 

" " Motors 556 

" " Transfonnera 788 

" " Motor-dynamos 749 

" " reduced by Eddy-current*. 116,357,661 

" " Calculations of 117, 405, 416, 626, 529, 758, 764 

Eickemeyer, R., Dynamo 201, 202, 208, 871 

Electromagnetic Engines (gee Motors). 

Rules 124,409 

Electromagnets, Formuiie for 165 

" First used 7, 10 

" Construction of 195, 206, 454 

" Cores of 403 

" Forms of 195 

" Rules for Winding 410, 428 

" Internal 510 

" Heating of s 167, 423 

" Ventilation of 507 

" Curve of Saturation of 151 

" Polarity of 128 

Electro-metallurgy 463,636,643 

Electromotive-force of Dynamo 22, 210 

" " and DitTercnce of Potential 68,220,277 

" " Average 210,631 

" " Fluctuations of 218 

" Dnitof (one volt) 814 

Electromotors (see Motors). 

Electro-plating, Dynamos for 0,357,382, 363, 463,636 

" " Machines unfit for 61, 637 

Elementary Theory 207, 618 

Elmore's Dynamos 531 
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Bphlnstone, Lord, and Vincent, C. W 17, 172 

Blwell-Parker's DynamoB 197,201,633 

" " Altemalora Offl 

" " MoLor-dynamoa 749 

EmlBsloa of Heat from Surface 42S 

EDd-play, when desirable 891 

" " " undeairable 891,393,680 

Energy, Electric 1 

" Eipended ICW, 558, 566 

" Utilized 668, 566 

" Transmission of 753 

Engines, Eercbove's 610 

Kubn's 612 

Wlllan'a 626,668 

" Femnti's 676 

" Parsons'B (Steam Turbine) 676 

EqualUlng Dynamo 750 

Equations of Dynamo 47, 210 

" " Frolich's 237 

" " Rucker's 237 

" of Electromagnets 165 

" of Motors 661,676 

Xsaon, W. B. (see also Paterson and Cooper). 

" " on Capacity of Dynamos 120, 654 

" " on Dynamos at Frankfort S12 

" " on ^[ultipolar Dynamos 442 

" " OQ Design of Dynamos 21, 76,427, 486, 864 

" " on Separately-exclled Machines 281, 853 

" " on Self-regulating Uacbines 299 

" on Binding Wires 865 

" " on Arc-llgbtlng Dynamos 477 

" " on Peripheral Speed 421 

" " on Wires for Winding 422 

" " on PermiRsible Ueating 427 

" " on Cooling Surface needed. 429 

" " oi] Load Ciirvea 435 

" " on Aniiature Interference 436, 663 

Ettlngshausen's Machine 9 

Evershed, Sydney, on Transformers 738 

Ewing, Jamea A., Magnetic Re^arches. 182, 135, 148, 160, 156, 161 

" " " onHystereaia 160 

" " " on Effect of Joints 163 

" " •' on Effpct of Compression 166, 166 

" " " on Magnetic Creeping. 88,185 

" " " Tlieory of Magnetism 168 

Excitation, the (itee Ampere-tuma). 

" of Field-magnets, Methods of 49 
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Excitation, Electromagnet, Law of IflS, 17T 

Exciter, Separate, use of Machine as 50, 231, l>5«, 082, 880, «89 

External Cliaractcristlc 253, 2fll 

Eitra-cotTent SI 



Failure of Magnetism 259, 263, 209 

Pan, for Ventilation 354 

Par-leading Dynamo 750 

Faraday's Invention of the Dynftmo 

Principle of Induction 2, 22 

Disk Machine C, 542 

" Rotating Magnet 8 

" Discovery of Electromagnetic Rotation 13 

" Notion of Magnetic Lines 27, 171 

" Transformer 719 

Parmer, Moses G., on Self-excitation 13 

Pavre, on Theory of Moiora 20 

Feathera (see Keys). 

Fein' 9 Dynamos 201 

Perranll's Alternator 17,203, 647, 019, 008 

" Transformer 721, 737 

Ferraris, E., Unipolar Dynamo 5J3 

Ferraris, Galileo, on Efficiency of Transformers 740 

" " Rotatory Field Motors 10, 703 

Field, Distortion of 70, W, 4.'i6, 586 

Field, Magnetic 24, 105, 122 

" " Measurement of 222 

" " Waste of 08, IS*0, 182 

" " Drag of 3, 100, 3ij, .ji4 

" " Rotatory 703 

Fleld-inagnets, Construction of 1115, 454 

" " Design of 2(«, 402, 407, 421, 4:M, 431, 432 

" " Coils for 42.), tMW 

" " Forms of lliTi, 431,432 

" " Fonnulffifor 105, 177,409 

" " Funcilon of 2, 35 

" " Heating of 157, 423, 427 

" " Joints in 152, 106 

*' " Methods of Excitation 40, 280, 002, 604, 6511, 747 

" " Proper Resistance of 237,243 

" " Winding of 2(14,410,425,430,435 

" " Advantage of Powerful 48, 87, 103, 501, 570, 588, 

502, 608, 616 

" " Most Powerful in Motors 401, 5*^, 01(1, 755, 730, 766 

" " for Arc-lighting Dynamos 47B 

Field Rotatory 708 
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Figures, Magnetic 24,25,26, lOt 

Flnzi, on Hysteresli 194 

Flashing-over at Commotator 88, 4T4, 807 

Flat-ring Armaturea 42, 342, 497, 623, 642 

" " Advantages of 601 

Fiata In the Commutator 806 

Fleming, J, A., ills Rule for Induction 22, 104 

" " on Magnetic Eeluctivlty 1B9 

" " on Alternate-current TransformerB 739 

Fluctuattona of Current 88, 218, 222,474, 018 

" " Measurement of 222 

Fluic, Magnetic 47,176,400,406 

Fontaine, H 19, 767 

Foot-steps of Zinc 184, 415, 615 

Forbes, Geoi^es, his Dynamos 200, &iSi 

" on Waste Magnetic Field 176, 187 

" " on Heating of Field-magnets 426 

Forms of Electromagnets 105 

Formule for Electromagnets 105 

Foster and Andersen's Dynamo 636 

Foneault Currents <8ee Eddy Currents). 

Foundation-ring of Armature 343,461, 523, 654, 060, 076 

Fracture of Connexions 804 

Frankfort, Experiments at 706, 794 

Frequency of Al tematlon 660, 680 

Friction, of Bearings 116, 3»3 

of Air 116 

" Magnetic (nee Hysteresis). 

Fringe of Magnetic Field 86,180,414,437,441 

Frltscbe, his Disk Annature 44, 647 

" Tbeory of Winding. 21, .TO2, 308, 311, 332, 647 

Frolich, Dr. 20,06, 114,118,237,249,292,684,604 

" " Formula for Electromagnet 166, 237 

Froment'B Motors 18, 551 

Fulier-Gramme Dynamo 43 

Fundamental Points in Design 46, 398, 608 

" " in Motors 564,769 



Gaisbero, von, on Armature Distortion 73 

Ganz (see Zlpemowsky). 

Gap in Magnetic Circuit 149, 152, 433 

Gap-space 63,178, 189,410,433,438,444 

" " Dragln 106,664 

Oaugatu, J. M., on Curves of Induction. 4,68 

Gauge of Wire, Choice of 356,309,422,425, 817 
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G«um'8 Principle BOO 

Gauze, for BruahM 380 

General Electric Traction Comptmy (see Immtecb). 

Generator, the Dynamo aa I 

Geiraaiv^llver, lued to reduce Eddy-cnrraiitB 681 

Goolden, W. T. & Co., Dynamoi 857, S81, 384, 893, 52S, 654 

" " " " Calculation of, 188 

" " " " Testa of 626, 7W 

" " " Begnlatots 769 

Gordon's Alternator 17, 667 

Governing Dynamos 60, 278, 447 

" Motors : 503 

" by Steam Pressure 448, 7S1 

Governors, Automatic, Bmsh'a 4S4 

" " Dynamometric 7P0 

" " Edisoa'a 279 

" " Heniion'a 776 

" " Jamieaon'a 7S0 

" " Lane-Fox'i 777 

" " Ricbardson's 278,778 

" " Statter's 478 

" " TUomaon-Houalon's 471 

" " Trotter's 71,'8 

" " WUlans' 278,779 

Gnunme's Dyiuunos, Armature of 13, 42, 343, 344, 482 

" Characteristic of 254,204 

" " Potential at Collector of 70 

" " as Motor 750 

" " Multipolar 482 

" " Alternate-current 640 

" " Auto-excitatrice 642 

" " for Transmission of Power 757 

" " for Eleetrometallurey 538 

» » Field-magnets of 197,198,396,482. 

" " Brusliea 330 

Greenwood and Batley's Dynamos 630 

Grouping of Armature Windings 311, 326 

Griscom's Motor 197 

Gaicher'B Dynamo 17, 335, $44, 376, 38:1 

" " Cliaracteristlc of 298 

Gyroatatio Action of Armature SSU 



Haokitbach on Theory 

Uaaelwandei'a Mnltiphase Uotor. . 
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Haselwander's Multiplex Transfonnen 753 

Heat, EfFecUof, on MagneLiBm 157 

" Losa of Power due to 751, 804 

Beating o( Annatures 353, 428, 803 

Cores », 88, 1^,733 

" Magnets 09, 423 

PQje-piecea 08,340 

" Limit of Permissible 425, 426, 445 

Hedgehog Transfonner 738 

Hefiier-Alteneck, von, his Armature 16, 301,645 

" " " his Dynamometer 7S5 

" " " on Tmnsinlsslon of Power 763 

Henley's Machine 11 

Eenrjon'a Regulator 776 

llenry's Motor IS, 550 

IleniTi, The (Unit of Self-induction) («e Units), 

Bering, Carl, on Leakage of Magnetic Field 184 

" " on Drum-winding 21, 302 

ITcrwIg on Theory 20 

nigli Voltage, Dynamos tor 474,648,674,755, 706 

" " Commutators for 448 

" " TntDsformcrs for 737 

" Pressure 474, 674, 755, 760 

" Insulation 737 

" Frequency of Alternation...: 037 

Historical Notes on Dynamos 6 

" " on Motors 18, 10 

" " on Alternators 11, 17, 18 

" " on Transformers 719 

Hjorth, Soren, ids Combined Dynamo 12, 59 

" " his Motor ■'i52 

Hochhausen's Dynamo 196, 375 

Hole-armatures {hsp Pierced Core-disks). 

Holmes' Magneto Machine 11,54, 3W 

Holmes, J. H., and Co., Dynamos 352,357, 527 

Railway Lighting 528 

Hoop Iron Cores 42, 343, 408, 654, 737 

Hoopes, A., on Ewlng's Theory 160 

Hopklnson, Dr. Ed., on Curves of Motors 760 

" " " Field-magnets of Dynamo 107,495 

" " " and Dr. J., Armature 352,405 

' " " " " on Magnetic Clreuit.. .. 17, 21, 175, 185 

" " " " " Alternators 662 

" " " " " on Reaction of Armature 03,436 

Hopkinson, Dr. John, on Reactions in Armature 04 

" "1" Applications of Characteristics 249, 272 

" " " Discos-ery of Characteristics 20, 247 
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B^kintoD, Dr. John, Reversing Gear. S91 

" " "on Coapling of Altemfttors. 090 

" " " Modification of Edfson Dynamo 618 

" " " on Hagnecizatlon of Iron. 134, I3S, 13S 

' on Coercive Force 159, 103 

" " on Multipolar Winding 8SS 

" " " Drum Armature 300 

Honis, or Pole-tips 81, 86, 98, 888, 488 

Driving 113, 855. 

Horse-power of Dynamos and Motors 110, 78& 

" " Calculation of 100, «6 

" Testing 785,790 

Hospitaller, E 300, 700 

Houeman on Compensating Poles 441 

" onTestlng 791 

Houston (nee Tliomson-Houston). 

Halves, D. E., his Magnetic Balance 13& 

Hunt, Rolwrt, on Motive Power CGS: 

Hatin and Leblanc** Motor '. Tift 

Hysteresis !«> 

" Waste of Power by 168, 164, 416, 788, 792 



IDLB Colls 85,463 

" Wire 42,601 

Imbricated Conductors for Armalnres 367, 460, 493 

Immlscli (»ee alto Snell). 

Immlscb's Motor 610 

" Commutator Oil 

Dynamos 202,352,582 

Impedance 620 

Indicator Diagrams 161, 246, 78S 

Inductance 020 

Indnction, Process of 22, 28 

■' Magnetic 129,177,407,422 

" Curves of 66 

" False 72 

" Self- 84, 089,724 

" Mutual 101, 723 

" Coils (see Transtorraers). 

" tite (or Internal Magnetliatlon) 120, 177, 407, 422 

" Hules to Remember » 22, 308 

Troubles 82, 102 

" " Remedy for. 102 

Induction-Sheath of Copper 464 

IndMtor DyaaiKoa ll,68llk«Bt 
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Inertia, Electric (Me Self-Inductioo). pun, 

" Magnetic 160 

■ " Mechanical SM 

Jntttal Magncrization : 280 

InsUbilUy of Magnetism 259, 263, 2% 

of Arc-liglit 273 

Inslructions on Use of DynamoB 8(V1 

Insulating Materials :— 

Air 375,737 

ABbeatoa 45,376,671,688,607 

Bitnmenized Paper 344 

Canvaa 358, 4M 
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Enamel 342,353,357,667 
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Film of Oxide 343, 357, 381 

" Oil 357 

Glass 672 

Indianibber 353,011 

Insulating Paint 353 

Ivory 549, 500 

Japan 353 

Lignum Tlt» 618 

Mica 45, 343, 85^ 301, 876, eCS, 671, 678, 804 

OH 738 
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Porcelain 678, 738 
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Shellac 363,357,454 

Silk 357 

Slate 375 

Sulphur 672 

Tape 243,357,681 

Vamlsh 45,342,367,464 

Vulcanised Fibre 353,355,375,376,384,454,664,671,678 

Wood 736 

isolation of Colls, etc 353, 357, 454,. 678 
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" of FraniR of Machine SOS 

" TeEling of 184 

Inlegrattou of Curvea 68 
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" of Magnetizing Force of Coil 128 

" uf Magnet Uai ton 128, 422 

Interference of Armature and Field- Magnet 74, OS, 434, 56G, 603 

' ' of Alternating Electromotive Forces 653, 704 

Interior-role Dynamos 443, 475 

Internal Characteristic 261 

Iron, Importance of Quality and Quantity of 131, 143, 107, 342, 723 

" Proper Crosa-section of 401,407,422 

" Cast 141, 143, 145, 149, 407, 4M 

" Magnetic Proi)ertles of 139 

" Permeability of 129,408 

" Saturation of 131, 166 

" Wire for Cores 45,40,342,361,503,506,733,736 

" Wrcuglit, Properties ot 140, 142, 144, 146, 148, 149 

Iron-clail Dynamos 200 

benbcek. Dr. Aug., Itesearciies by (18 

Istbmus Method of Magnetizing 148 



Jablocbkoff, P 710 

Jacobi'e Motor 18, 20, -Mil 

" Law of Electromagnet ISb 

" Law of Maximum Activity 552, 550, 56t 

" Commutator 0, 541) 

" Electric Boat 541» 

" Magneto-Machine U 

Jamieson'B Electric (iovemor 7B1 

Jamming of Armature tWI 

Jehl and Knpp, Disk Dynamo 4.), 54^1 

" " Conliniiou»4urrent Transformers 750 

Joel's Dynamo 197, 31:1 

Johnson and Phl11ii>s (Kapp's Dynamos 30;J, 4H8, (VM 

' Oil Insulators 766 

Joints In Magnetic Cfreuil 152, \K> 

Joyce, on Heating of Layers 420 

Joabert, J., on Induction of Armatures 7:t 

" " on Self-induction 94 

•' on Si>ecd of Machines 118, 225 

•J " Theory of Alternators . 20, Si 
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Joule, J. P., on El«ctric Motor 30,540 

■' Form of ElecUonugiMt 170 

L»wo(. 165, ITO 

" " on Magnetic Saturation 131, 148 

Journala Proper proporUoiu Vt 389 

" Jumbo" Dynamos S14 

Jii^nien'a DyoBmo IBS 



Kapp, Glabert (see Crompton and Kapp). 

Dynamos 200,355,884,397,428,4 

Allentator 386, O 

on Compoand Winding 286, 3i 

FormaU for Electromaguet IBS, 173, 1' 

Transformers T 

Ontphic Diagram forHot«re 7i 

Pr«-detennl nation of CIiaracteriBtlc : 

on Series Motor SI 

on Capacity and SIse I 

Design of Shaft » 

Bearing of Alternator. 31 

KaleB for Welglit and Deptli of Winding 4! 

Surface needed for Cooling 4!, 

Load Curves 435, 61 

on liimlLing Load of Annatnrea 4! 

Electric Transmission of Power 568, 71 

Forms of Field-Magnets 200, 4) 

Multipolar Windings 3M, 869, 41 

Segmental Core-disks. 343, 4t 

Mode of Driving Core^isks 31 

on Coupling Alternators 61 

Method of Testing Horse-power 790, 71 

Kelvin, Lori (see Thomson, Sir William). 

Kennelly, on Cross- magneLIzatlon ( 

" on Magnetic Itelnctivlty 1< 

Kennedy, R., Iron-clad Dynamo 300, 61 

" Single-coil Dynamo 902, H 

" Alternators 642, 645, A 

" Transformere 7> 

" Begulatlng Alternators 1* 

Kerchove and Co. 's Engines SI 

Keys for Driving Araiature 347, 361, 31 

XlngdoD's Alternator H, « 

KirchkofTs Researches U 

XohlnnBeh, W., on L^meyer's Dynamo 19, K 

Kmmi, i. H. , OB Tlwory : 

KtAn'a 
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Laud, W., hU Machine 14, H 

Lag, killed Mftgnetlc 88, 102, 1S», MK 

I.Bg of Current behind ElectromotlTe-forc« 430, 887 

I.ahmeyer'« Dynamo 185, 300, 802, B» 

LmoImUoh of Cores and Pole-plecea 45, 06, S43, Mi 

" of Fleld'MagneW 3W, ftXi, 088 

" of MoloT-HKgneW TCS 

" of Annalure Conductmv 06,357,401 

Lamoul't Formula for Electromagnet 166 

Lane-Fox, Continuons Current Tranafonnera T!0 

Langley, J. W., Magnetic Shunt 780 

Lap-winding of Armatures 311, 646 

Lanckert 41 

Lauften, Experiments on Tnuumlsaion at 688,706,713, 766 

Laurence, Paris, and Scott, Dynamos 326, 346, 347, 369, 528, 612 

" " " " Motor Dynamos 748 

tiaw of Electromagnet 106 

" " Lenz 20 

•' " Ohm 23 

" " AcUon and Beaction 580 

" " Alternate Current Flow 627, 602 

" " Magnetic Circuit 171, 177,409 

Lead of Brushes 70, 83, 86, 43« 

" '■ " negative, in Motor* * 02, 43d, 680 

Leakage, Magnetic 180, 182,477,728.744 

" '• Coefflcient of 182, 408, 434 

Least^peed of Self-eicltation <»ee Critical Speed) 51 , 784 

Leblanc (»ee Hutin). 

Ledeboer on Coupling Dynamos 798 

Leduc on Magnetiiatlon 152 

"Leeds" Dynamo (»m Greenwood and Batley). 

Length of Armature, proper 08,401,403,431,440,444,664 

" Wire for Winding 423 

I<enz, Law of Induction 20, 580 

" and Jacob! (nee Jacobi). 

Le Roai, Theoretical Investigations 20 

Lightning Arresters 803 

Limit of Uagn-'.tizatfon 148, 422 

" " Non-sparking Load 436, 430 

" " Permissible Heating 425 

Line, Nentral 83,687 

Linea of Magnetic Force 22, 122, 812 

Load-curves 435 

Lodge, Oliver J., Calculation of Fluctuations 218 

" " on Spurious Resistance 96 
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Lodge, Oliver J., on Law of Motors 508 

Long-Aunt 80,289,795 

Lontin'B DynamM 10,44,54,200,644. 

Lorenz (see Jurgeneen). 

Loes of Magnetism 25ft, 20.% 265, 806 

Loaaea, Testing the lepanite 791 
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" Voita 227,277,404,791 

Lnbricatlon of Commutator 802,806 
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" Shunt 50, 180, 7a» 
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" Lines of Force 122, BI2 

" Circuit 17,170,400,738,784 

" Creeping 88, lOX 

" Field 24,105. 122,813 

" Flux, the 47, 176,400,40ft 
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" Units 121,811 

" Intensity 122, 126, SIS 

" Polarity .'. 123 

" Potential 4;» 

" Permeability 120, 14S 

" Pull on Armature 3S8, 433 

" Ileluctance 170,409 

Magnetism, Instability of 250, 2«I, 205 
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" the Unit of 121, 810 

Uagneilzatlon 1 28 

" Curves of 1^ 

" Resuluint 79 

" Saturation of 131, 408 

" Methods of 40 

" Besldual 49,158.253,267,200 

Magnetiiing Power of Coil 124,409,411 

" "of Shnnt 428 

" "of Series Coil 428 

Magnetometer 133 

Magneto-motive Force 134, 171, 409 

" " Calculation of 400, 41 1 

" "In Gap-space 438 
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Uagnets (let Field Magnets). 

Malderen, Van, hla Machine* 

Moiugeinent of Dynamos 7l 

" Manchester " Dynamo {see J. uid £. Hopklnaon). 

HaqiuUre's Regulator !il 

Martin and Wetiler on Motor* 6 

Mascarl's Investigations 20, ] 

MftBBon's Reeearclies 

Mather and Ayrton on Ilheostats T 

Mather and IIopkinBon's Dynamo 201, 4i 

Mather and Piatt, Dynamos 201, !US6, 306, 41 

" " •' Iron used by ■ ]3fl, ]i 

" on Compensating Armature Reaction < 

Maximnm MagnetJMtlou 1; 

ICaxlmum Permissible Current SIMP, 405, « 

Uazwetl, J. Clerk, hto Investigations 20, 171, S 

" " " on Rule of Polarity 11 

McTlghe's Dynamos a 

Mechanical Characl«ristica !i^i, SI 

Mechanical Principles 104,31 

" " Details of Design 31 

" " Iteattlona in Dynamo 104,113,6! 

" " " in Alternator 113,6 

Meyer and Auerl>ach's Hesearcbes ; 

Mines, Lighting of 21 

Mitis Metal 1- 

Moncel (Kee Uu Moncel). 

Mordey, W. M., Method of Multipolar Connecting 3: 

and Watson, on Compounding. (M 

Alternator 2().t, 070, tN 
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on Distrtbution of Potential IM>, 7.1, 41 

Improvements in Schuckert Dynauiu 17, 41 

on rommercinl Efficiency 01 

on Conpling of Coin pound Dynamos 71 

" of Alternators 0! 

on Curve of Eleoiromotive-force ' 

Iron-eia<i MagJiet gi 

on Eilrly-currents in Motors fil 

on Shunt Motors &; 

on Governing Motors 

on Ixjsses by Hysteresis H14, 7; 

on Relation of Speed and Volts 2; 

Flexible panze collectors .1 

Design of Shaft ji 

54: 
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Moment, Magnetic 131^ 

" of tornlng (ha Torque). 

Morin'B Dynamometer TBS 

MotM'-G«ueiwtors, or Uotor-DTnaaux («ee Ttmiutormen, Contlnuoo*- 
turnmt). 

Motors of Tarioaa Inventon : — 

Andeneiiuid01rdlestone(" Aglr") 384,612 

Aoiirt ; 098 

Atkinson 814, TOT 

Ayrton and Petty 009 

Borel 703,116 

Bourtwiue 5S0 

Brown 491, 612, 118 

Bnuh SK 

Curtli, Crocker, and Wheeler 819 

Cnttrlsa .■ 818 

Dal Negro 18, a» 

Davenport IS 

DarldwMi 18, SSS 

Depre* S04 

Dobrowolsky TtfT 

FartarlB TOS, 718 

Froment ; IS, 561 

Gooliien eiS 

Gramnke 75T 

Henry... 18,560 

njorth 652 

nopklnson CIS 

Hutlnaud Leblanc 718 

Immisch 610 

Jacobi 18,640 

Jonle 640 

Leblanc {»ec Ilatln). 

Monley 702 

Pacinoiti 18 

Page 18, 650, 552, 617 

Perry (jtsc Ayrton and Perry). 

Beckenzatuu v 609 

Ritcliie 18,649 

Schallenberger 715 

Siemens 817, 715 

Spragne 598, 802, 614 

Sturgeon 660 

Tesla . 703 

Tliomson-IIouaton 818 

Trouvi- 651, 816, 702 

Wheatstone 18,l>51 

WlieeltT 619 
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Uoton, Theory of 6S6, 576 

" EOlctency of 657 

" Government of S91 

" Le»d of BnisheB of. 88,587,600 

" Hiut have more powerful Magnets 491, 588, 610, 756, 759, 760 

" Brnahea for 381, 384 

Uotmt»in, W. C. , Design of CommulMor and Brush-boldera 383 

Mijller's Formula 166 

HulUptiaae CnrrentB 642, «87, 703, 766 

" Alternators 687 

" Motors 703 

HulUpolar Dynamos 17, 437, 442, COI, 510, 516, 623, 633, 640 

" " design of 442, 640 

" " Annatnresfor 310,333,610 

" " neld-magneta of 201,203,510, 623, 640, 680 

" Series Winding 811,328,335,487,480 

Mnnicb, Tests at 244,756,704 

Municipal Lighting 448,477 

Murray on Self-excltatlon 13 

Murwy's Tests of Dynamos 464,788,794 



Name " Dynamo-electric " 1, 14 

Negro (»ee Dai N^ro). 

Neutral Points 71,79,82,315,881,687 

Neumann's Theoretical Investigations 10 

Newton F. M., Dynamo 470,532 

Kiaudet, Alfred 4 

" " hia Armature 544 

" " on Uramme Dynamo 483 

Nicks to stop Sparking 44 1, 530 

Kolseln running i07 

Nollet's Machine 1 1 

Notation, Algebraic 208 

O. 

Ohm, Dr. G. S., Law of 23, 171,626, 813 

OAni, the Unit of Kesistance 814 

Oil, OS Insulator 732, 766, 817 

Oil Insulators 766 

Oil, Supply of, underpressure 305, 675, 682 

One-coll Magnet 202, 530 

Open-coil Dynamos 17,440, 473 

Oigans ot Dynamos 2, 31, 34 

Oscillatory Dynamos and Motors 17, 550, 617 

Output of Dynamos 100, 306,815 
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OTer-compouiidlng 298, 295, 601, 751, 188' 

Overliung Pulley 301 

" Armature 510, fHS 

« Field-Magnet 68» 



PACiMOTn'8 Dynamo and Motor 14, 1» 

" Arraature 14, 16, S4« 

" Commutator 14 

" Disk Dyiuuno 888, 645.' 

Page's Motors 650, 617 

" Early Magneto-machine v 11 

Paper (nee Ineulating Materials). 

Parallel, Conpllng of Dynamos In 693, 71)6 

of Coils In 315, 500, 87:J 

Paris and Scott {see Laurence). 

Parsons, Brosh-bolder 38.1 

" Alternator 678- 

Patent Office, United Slates, its wisdom 727 

Paterson and Cooper's Dynamos (Phoenix) 4112, 5SS 

" " " " Data of 418, 4(« 

" " " " Calculations about 41S 

" " " " Armature of 348, .SM, 306, 416, ifri 

" " " " Field Magnets «f 187, 201, 417, 4J».^ 

" " " " Commulatorof 376,384 

" " " " Arc-Lighting 477 

Alternator 201. Bfl2 

Pedestals 302, 397 

Perforated Core^isks 340,487,400,688. 

Peripheral Speed. 119, 3.17, 421, 675, 67(i 
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Pernieability of Iron 129, 138 
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Peraieance (Magnetic Conductance) 186 

Perry, John (see Ayrton and Perry). 

' ' his Dynamo 54.1 

" Self-regulating Combinations 58 

" Slethod of Winding Armature 326, UST 

" on Bending Moment of Shafts 391 

" on Transformers 743, 744 

Perturbations due to Masses of Iron 1)8, 180, 183 

Pescetto, on Capacity 118 
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Phospbor Bronxe, lue of. 355, 374 

Physical Tbeory ol Dynamo 22 

Pierced Core-disks 346, 357, 487, 400, 088 

Pilot brush, Investigation by 00, T74 

" lamp 801 

Pitch, of Poles 314, 630 

PIxii's Dynamo S 

Piiicker's Unipolar Machine IMS 

Poggendorff, J., on Tbeory 80 

Po^^ndorfl's Commutator 9 

Potiit, Diacritical, ot Semi-saturation 106, 446 

" DeaJ, of Motor 705 

" Neutral 71,79,82,315,381,587 

" " Shifting of 79 

Polarity, Magnetic 12? 

" Rerersalof 61,52,276,537 

Polar-span, angle of 79, 40n, 437 

Fole-armatureg 41, 44, 644 

Pole-pieces -. . . 198, 650 

Form of 87,103,108,357,480,405,521,592,056 

Eddy-ciirrenta in 06 

" Heating of gg 

" Internal 475 

Pottssurfaces, shaping of 72,87, 103, 198,357,478, 521,526, 592, 650 

Fole-tlpa of Cast Iron 388 
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Poles 122, 108 
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" Resultant 7l> 

Polechko's DIsk-ilynamo ; 4"il, 547 

Pollard, J., Experiment by (»2 

Polyphase Currents (see Multiplia.ie). 

Potential, Curves ot Distrihittion of 08, 401 

" Constant, Combinations for 'M 

" " Distribution with •r^^ 

" Difference of, at Ti'nninala -^ut 

Power, a product of two Factors 107, 1011, .173 

" Electric Transmission of 7,-^j 
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" of Motor 572, (103 

" Methods of Measurement of 7s.i 
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Frluclples, FaDdamenUl, of DyDUno 1, 22, 212 

of Bevereibllily 1, 18,«B 

" of AltemMe CtirreDts 018 

" of Motnri 6M, 657 
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Prony'B Brake 788 
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PuJleys Wl,3e« 

" need tor Slldli^ Contact 380, 689 

Fu)«»llng Moton 616 

PalnJ, on Conttnuity of Current* 214 

Pulvermaclier on Lunlnatloa of Cores 
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Quad, or Quadrant, the (Unit of Self-tnduc^on), (tee Henry). 



Racing of Motora 603 

Racking of Armature Conducton 113,879,638,806 

" " Connecting Pieces 379, 804 

Radifcn (Unit of Angle) 109 

Raffard'E Gramme Dynamo 352 

Brake 787 

Itallway, Electric, Machinery for 622 

Kavenihaw (see Goolden) 770, 790 

Itavrorth, on Induction in Armatures 73 

Ra worth's Coupling 803 

Rayleigli, Ixird, on Electric Testing 783, 790 

Beaclionsof Armature and Field-magnet In Dynamo. 62, 74, 113,434,617 

" " " inHotor 586 

" Mechanical, In Armatures 113, 379, 638 

Rechniewaki's Investigations 118 

Beckenzann's Motor 601 

Hcctined Currents (see Redr«Bsed Currents). 

RedrMsed Currents 38, 212, 462, 6S2, 659 

Regulating properties of Series Dynamos Gl, 681 

" " of Shunt Dynamos S3, 000 

Regulation, Automatic (^ee Governors). 

by shifting Brnshes ; 278,460,478,768 

" hy Introduction of Resistance 53, 278, 768 

" by Exciting Circuit 768 

>• bythirdBnuh 68,773 
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Relgnter'i luveulgMlou 763, TH 

Reluctance of Magnetic Circuit HC, 40», 445 

Beinaneuce 169 

Bepaln, execnUon of Sai, 467, 609, 802 

Besldtud Magnetism 16S 

Se»iet»Dce 28,783,784,813 

" per cuUc Inch of Winding 430, 818 

" of Coil of given Tolome 428 

" of Dynamo 238 

" critical 61,259,261,364 

" spurious, of Armature 04, 629 

" tn tbe CharacterisUc 257, 258 

" Unit of, the Ohm 814 

" Insulation 784 

" Magnetic <ReIactance) 176, 406, 445 

" for Regulating 27», 447, 769 
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" " " In Transformere 130 

BeTBwal of Polarity 61,62,276 
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Beveralbtllty, Principle of 1,18 

' Rerening Gear 690, 59S 

Rewinding Dynamos 260, 308, 423, 436 

Rheostat (as Regulator) 279, 769, 771 
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" Copper, for winding. 356,671,681,817 

lUcbordson's Governor 778 

RIchter, Ernest, on Siemens' Dynamos 200 

" " on Difference of PotentiaL 228 

Ring Annatures 36,41,42,802,358,482,640 

HowtoWind 858,640 

" External 860,610 
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" " Practical Method of. 868 
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" Induction Coil 719 

Robin's Dynamo 540 

Rocker's 83,383,381 

Rocking of Brush-holder 87, 802 

RotMory Brushes 880 
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". PieM Motors 108 

Rowland, Henry A., on Magnetism 134,148,111,113,195 

BQckar, A. W., Limit of SeK-r«gu]aUan SI, aSI, 800 

Bnhttlxirtr, Winding of Annatmw 64 

Rnlunkoitf Induction Coil 719 
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". " ReBlitances 243, 244, 868 

" " Compmndlng. 294, 412, 608 

" Winding 488 

' " " Lamination 90 

" " Construcllng Transformera 123 

Rupp («efl Jehl). 

liyiin, on Curves of Armature-reaction 73 

■' OS 'iRuialonuorii 731 



Salient PoI» 19fl, 489 
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Saturation, Magnetic, Bffects of 131, 132, 16a 

" " Curve of 182 

" " Formuln for IflB 

" " Diacritical Point of 166, 446 

Sawyer's Dynamo 11, 200 

Saxtoii's Ma<:hine 

Sayer's Disk Dynamo 646 

" Electro-plating Dynamo 639 

" Nicks to stop Sparkli^ 441, 68» 



Schorch's Dynamo 202 

Schnclcert's Dynamos 623 

" " Multipolar 17, 623 

Scbuckert'Honley Dynamo 204, 497 

Schiiltze, on Cross-magnetiiatlon 91 

Schuyler's Dynamo 47fl 

Scott, Ernest, and Mountain .- 383, S29 
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Segmental Core-diaks 343, 300 
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Self-exciting Principle 10, 12, 14, Gl, 263, 652, 784 
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Self-induction 23, 83, ft4, 102, 214, 474, 478, 653, 724, 816 

" Coefficient ot 478, 623, 724, 817 
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8«IMnductlon, produces 1,%g : 027 

Unit of 817 

8elf-regul»ting Dynamos 57, 270, 280, 747 

S«llera'« Double Lubrication 805 

Selloii,R. P 721 

8<!parate-circnlt Dynamo 63 

" " Slotor 805 

SeparateJy-excited Dynuno 40, 50, 224,2110, 23I,0-'J2 

Series, Coapllng Dynamos In 000, 7W> 

Series Dynamo... 61,230,271,581,772,700 

Series-grouping of Armature Windings 311, 316, 320, 4S7, 4S0 

Series Lighting, Dynamos for 448 

Shaft, proper design of 350, 390, 802 

Sliaping of Pole-pleces 72, 87, 103, 108, 3j7, 478, 521, 526, 502, 658 

Shlf-lng of Neutral Paints 79 

" of BnishM 83, 80, 384, 788, 802 

" Brashes for Regulating 278, 470, 470, 788 

Short Circuit 80,808 

" " Magnetic 198 

Shunt Dynamo 52,238,261,271,583 

Shunt, Magnetic 50, 180, 769 

Shuttle-wound Armature 11, 83, 652 

Siemens, Dynamo (old) 16,34, 107,537 

" " (new) 506 

. " " Field M^net of 107, 200, 607 

" " Winding of Armature 361,606 

" " Alternator 10, 203, 388, 064 

" " for Electroplating 362, 637 

Unipolar 542 

■ " " NewTypes 200,201,500 

" " Compound, Winding of 507 

" " Characteristics of. 246, 251, 262 

" " Bearings of 303 

Siemens, Alexander, on Torque of Motors 580 

" " Graphic Constructions 760 

Siemens, Sir William, Efficiency of Motors TiOl 

" " Early Researches 12,17 

" " on Transmission of Power. .WO, 582 

" " on Shunt Dynamo. 262 

" " on Instability of Arc Light, 273 

" " on Compound Winding 01 

Siemens, Werner, von, on Magnetism 1(17, 108 

" " Self-exciting Machine 18 

" " on Cross-magnetization 01 

" " Shuttle-wound Armature 12, 3;(, 5:!7 

" " Invents Name of Dynamo 14 
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